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ers. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
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stration, United States Department of Transportation.

The Transportation Research Board of the National Research
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American Association of State Highway and Transportation Of-
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of research contracts are the responsibilities of the National Re-
search Council and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems
of mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for
or duplicate other highway research programs.
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PREFACE

FOREWORD
By Staff
Transportation
Research Board

A vast storchouse of information exists on nearly every subject of concern to highway
administrators and engineers. Much of this information has resulted from both research
and the successful application of solutions to the problems faced by practitioners in their
daily work. Because previously there has been no systematic means for compiling such
useful information and making it available to the entire community, the American As-
sociation of State Highway and Transportation Officials has, through the mechanism of
the National Cooperative Highway Research Program, authorized the Transportation
Research Board to undertake a continuing project to search out and synthesize useful
knowledge from all available sources and to prepare documented reports on current
practices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful
will be tempered by the user’s knowledge and experience in the particular problem area.

This synthesis will be of interest to state DOT materials and construction engineers;
contract, procedure, and specification specialists; construction personnel managers; re-
searchers; and private consultants. The synthesis describes the current state of the prac-
tice of state DOT management techniques for materials and construction acceptance,
including approaches to inspection and testing. The associated requirements for main-
taining adequate qualified personnel to operate the acceptance and testing programs are
considered in the information reported. The information was collected by surveying state
DOTs and by conducting a literature search.

Administrators, engineers, and researchers are continually faced with highway problems
on which much information exists, either in the form of reports or in terms of undocumented
experience and practice. Unfortunately, this information often is scattered and unevalu-
ated and, as a consequence, in seeking solutions, full information on what has been
learned about a problem frequently is not assembled. Costly research findings may go
unused, valuable experience may be overlooked, and full consideration may not be given
to available practices for solving or alleviating the problem. In an effort to correct this
situation, a continuing NCHRP project, carried out by the Transportation Research
Board as the research agency, has the objective of reporting on common highway prob-
lems and synthesizing available information. The synthesis reports from this endeavor
constitute an NCHRP publication series in which various forms of relevant information
are assembled into single, concise documents pertaining to specific highway problems or
sets of closely related problems.

This report of the Transportation Research Board presents background information
on the changing role of specifications, quality assurance processes, warranties, material
certifications, and personnel management regarding the state of the practice for state
DOT management techniques for materials and construction acceptance. In addition, detailed
information is presented on personnel issues. The details of materials test methods and



statistical quality control procedures are not included in the report. However, discussion
of these technical aspects of materials and construction acceptance are included on the
basis of their influence on personnel training requirements, and changes in administra-
tive requirements.

To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation depart-
ments. A topic panel of experts in the subject area was established to guide the research
in organizing and evaluating the collected data, and to review the final synthesis report.

This synthesis is an immediately useful document that records the practices that were
acceptable within the limitations of the knowledge available at the time of its prepara-
tion. As the processes of advancement continue, new knowledge can be expected to be
added to that now at hand.
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SUMMARY

STATE DOT MANAGEMENT TECHNIQUES
FOR MATERIALS AND CONSTRUCTION
ACCEPTANCE

This synthesis describes current management practices with regard to the vast subject
area of materials and construction acceptance. The background information for the report
was developed from a review of the literature on management practices. Other than recent
reports on test procedures and new specifications, little information in the literature specifi-
cally addresses issues that influence the management methods used in materials and con-
struction acceptance. Therefore, the majority of the current management techniques in-
cluded in the report were collected using a survey and direct contact with knowledgeable
sources within the state departments of transportation (DOTs). As an archival record of
DOT practices, this report provides a snapshot of management processes that are evolving.

The management elements examined in the background review are specification tech-
niques, warranties, staffing and personnel requirements, and the new Federal Highway
Administration (FHWA) quality assurance regulations for the Federal-aid system. The DOT
specifications are gradually changing from method specifications to performance-based
specifications. The type of specification used on a project has direct influence on DOT ac-
ceptance practices.

Another area of change involves construction warranties, which are creating new oppor-
tunities to reduce direct DOT participation in quality control; however, because of various
administrative constraints, they have not yet been widely implemented. Previous studies on
staffing needs suggested that not many DOTs were using personnel forecasting techniques.
Instead, consulting engineers were reported to supplement DOT personnel for inspection
testing when resources were limited. While most of the elements discussed in the literature
are still valid today, the present status of the DOTSs is needed to provide insight into current
issues and practices.

The survey conducted for this synthesis examined the management practices in materi-
als and construction acceptance. The impact of new FHWA quality assurance requirements,
warranties, certifications, and personnel issues were subjects included in the survey. It ap-
pears that innovative contracting procedures, new testing methods, and improved construc-
tion and material specifications have improved the ability of DOTSs to provide quality con-
trol and assurance. In addition to changes in the procedures that DOTSs use to monitor and
enforce construction specifications, certifications, warranties, and revised staffing arrange-
ments have been used to improve process management.

A major concern while initiating the study was the possible existence of regulatory bar-
riers that would prevent DOTS from using the new FHWA quality assurance requirements;
however, no problems were reported. This does not suggest that everyone will implement
the nonmandatory portions of the regulation. However, DOT laboratories have rapidly
complied with American Association of State Highway and Transportation Officials (AASHTO)
laboratory certification processes mandated in the FHWA regulation.

The survey also found that warranties for highway construction were not widely imple-
mented. Where they were, however, the DOT eliminated most testing for the work covered



by the warranty. Due to inexperience with warranties, some tests were conducted to evalu-
ate the materials and provide comparison with the contractor test data. The warranties used
were specific to pavement construction and did not include other work on the project. Thus,
testing and inspection requirements on all other construction elements remained the same.

The use of consultants to perform inspection and testing was predominantly attributed to
a lack of qualified personnel in the DOTs. The qualifications and training requirements for
personnel performing tests are virtually the same for DOTSs, consultants, and more recently,
for contractors. Personnel reductions and changes in technology create conflicting demands
for DOTs. Multiple sources of technology training were identified at the national level.
Many DOTSs are supplementing national program certifications with in-house training or in
collaboration with local educational institutions. Few DOTs use personnel tracking or fore-
casting systems that would enable them to predict future staffing needs or training require-
ments.

Changes in the materials and construction acceptance specification requirements were
explored using the survey. It was found that the use of quality incentive and disincentive
pay adjustments was common in DOT specifications. Most DOTS use a certification process
for acceptance of a wide variety of materials. Other than natural site materials, certifica-
tions can be used for most everything on a project. Some DOTS vary the type of certification
required, based on the materials. The level of a certification determines the amount of DOT
intervention in the supplier or vendor’s process for audits and testing. Qualified product
lists were also commonly used. New product evaluations, traditionally evaluated by each
DOT, can be evaluated by a national cooperative testing agreement.

The following suggestions for additional study and research were made, based on the as-
sumption that DOT staffing levels were not likely to improve:

¢ The use of warranties could be expanded to include more construction elements. War-
ranty time periods would need to be evaluated for effectiveness.

* Certification processes need better definition and more consistency. Reciprocity
among DOT certifications is not possible until they are better defined.

¢ Quality-based qualification could be used for design firms, testing and inspection con-
sultants, and contractors.



CHAPTER ONE

INTRODUCTION

State departments of transportation (DOTs) and similar
transportation agencies must deal with the dilemma of reduc-
ing their workforces to meet a variety of budget constraints as
their workloads related to materials testing, construction in-
spections, and acceptance program administration increase. A
variety of techniques, technological and administrative, have
been introduced to meet the demands of the changing envi-
ronment. These changes permit the DOTs to retain control of
materials and construction acceptance decisions under varying
management conditions.

This synthesis was initiated to describe the management
techniques and approaches to inspection and testing of mate-
rials and construction. The broad subject area of management
techniques for materials and construction acceptance was
considered under three areas: contract practices, management
practices, and personnel issues. Contract practices include
regulatory changes, warranties, and specification practices.
Management practices include laboratory accreditation, testing
practices, certifications, and new technology influences. Per-
sonnel issues include acceptance program implementation is-
sues, personnel qualifications, and forecasting personnel
needs. The various strategies, advantages, and disadvantages
of the techniques will be highlighted. The review of current
DOT practices will assist decisionmakers in the formulation of
future materials and construction acceptance processes.

BACKGROUND

Transportation agencies have made major changes to the
systems used to monitor and enforce materials and construc-
tion acceptance. Traditionally, a DOT was responsible for
performing inspections, conducting quality control tests, and
making related acceptance decisions. Today, many agencies
use the services of consultants or construction contractors for
inspection and testing on projects. This shift in project over-
sight creates new opportunities and problems in quality assur-
ance practices, contract relationships, and staffing needs.

The evolving process is reflected in the recent change to
Title 23, Part 637, Code of Federal Regulations (23 CFR 637),
the Federal Highway Administration’s Quality Assurance
Procedures for Construction (1). The full text and commentary
on the final ruling is provided in Appendix A. The regulation
opens new avenues for innovative materials and construction
acceptance procedures. The regulation enables transportation
agencies to incorporate contractor test data into their quality
acceptance procedures, and specifies laboratory certification
requirements and personnel qualifications. This suggests that
some responsibilities and relationships will shift. The DOT
retains the overall responsibility for acceptance. Consultants, once
hired only for professional design services, already provide a

variety of site engineering and inspection functions including
vetification sampling and testing programs. Once the focus of
inspection by DOTS, contractors will be performing the inspections
and providing testing services. They will need to examine their
capabilities to provide inspection and quality control testing.

Reduced staffing levels and gradual erosion of expertise
within the DOTs have been suggested factors influencing the
change. However, the basic relationships among the parties
are changing from other influences as well. Innovative con-
tracting techniques, like partnering and design-build, are re-
cent changes to the contract delivery process. The responsi-
bilities of all parties have broadened with the increased
emphasis on quality-based infrastructure construction. Con-
tractors, design consultants, and state agencies are now re-
quired to perform broad-scope quality assurance activities.
Tuggle (2) embraces quality assurance by defining a concept
called “Construction Quality Management (QM)™:

Today there is an even broader view of the subject of quality
assurance. “Construction QM” is a broader term for the overall
process of ensuring construction quality products. It not only
encompasses contractor process control and owner acceptance
issues, including statistical quality control, but also such items
as personnel qualifications, training, and certification pro-
grams; information management systems such as material con-
trol systems; performance-related specifications; innovative
contracting practices to achieve quality; incentive-disincentive
provisions to encourage quality attainment commensurate with
the value received; performance recognition systems for quality
projects and personnel; improved materials, tests, and equip-
ment; and quality improvement techniques for both extemal
and internal quality “customers.”

This definition appears to draw together the main elements of
an integrated or total project materials and construction accep-
tance process.

In transportation construction and materials acceptance the
term “quality assurance” is generally associated with a com-
prehensive program to gather data and supporting evidence
that the work in-place is in conformance with specified quality
levels. However, in Managing Quality: Time for a National
Policy (3), Weed suggests, “This process involves people,
materials, equipment, procedures, and the optimal use of these
resources.” While the report concentrates on the need for
properly establishing statistical quality control specifications,
it recognizes the need for a broad perspective on quality and
quality management.

PURPOSE OF THE SYNTHESIS

This synthesis summarizes the current management tech-
niques and factors influencing the testing and acceptance of



materials and construction. The associated requirements for
maintaining adequate qualified personnel to operate the accep-
tance and testing programs are also considered. State materi-
als and construction acceptance practices encompass a broad
range of topics. In addition to specifications and construction
acceptance guidelines, personnel qualifications, prequalifica-
tion of consultants and contractors, training requirements, and
the impact of technology on state agencies are important to
materials and construction acceptance.

SCOPE

The scope is focused on a wide variety of management and
personnel issues related to acceptance procedures. The details
of new material tests, statistical quality control procedures,
and other technical data are beyond the scope of this work.
However, technical aspects of some of these materials and
construction acceptance procedures are included on the basis
of their influence on personnel training requirements, changes
in qualification requirements, and changes in administrative
requirements.

In addition to the information obtained from the literature,
this synthesis summarizes and reports the results of a detailed
literature search: information obtained from a questionnaire
distributed to Construction Materials Engineers and Per-
sonnel Managers; and information from selected agencies and
organizations.

NEED FOR UPDATED QUALITY MANAGEMENT
INFORMATION

This synthesis of the current practice is needed to describe
the wide range of management techniques and approaches to
inspection and testing of materials and construction. The
changing contracting environment has created a need to high-
light new and innovative strategies used by agencies to assure
quality construction. Previous research and synthesis reports

have considered various elements of these issues in detail.
However, an overall view from the management perspective of
the quality assurance process or construction quality manage-
ment has not been published.

GENERAL SURVEY INFORMATION

A survey was conducted to solicit information on the wide
range of issues in materials and construction acceptance prac-
tices. The survey was mailed to the SO states, the District of
Columbia, and Puerto Rico. Responses were received from 41
DOTs. The questionnaire was organized into five sections to
obtain information related to:

Contract Practices and Regulations
Technological Changes

General Management Issues
General Responses

Personnel Management.

A copy of the questionnaire is provided in Appendix B.

ORGANIZATION OF THE SYNTHESIS

Chapter 2 provides a summary of background information
that is related to the primary topic of materials acceptance pro-
cedures. It briefly reviews materials appropriate to the wide
variety of topics covered by the project scope. Chapters 3
through 5 are organized to discuss the surveyed subject areas.
Chapter 3 reviews the current practices and agency responses
to questions on contracting practices and regulation. Chapter 4
describes the survey responses to changes in management of
technology and the general response category, which solicited
information on innovative techniques. Chapter 5 reports on
surveyed responses to management and personnel issues.
Chapter 6 summarizes the synthesis findings and presents
conclusions based on the findings.



CHAPTER TWO

BACKGROUND

The literature on the technical requirements of materials
and construction acceptance processes has been well devel-
oped over the years. Articles and research reports have defined
and redefined acceptance procedures and the statistics neces-
sary to properly document the quality of materials and work-
manship. Thus, many of the major elements affecting the
management of materials and construction acceptance have
been the subjects of previous synthesis reports, as indicated in
Table 1. In addition to technical developments, management
requirements have also changed over the past two decades.
Although many management changes occurred, literature on
contemporary management issues related to materials and
construction acceptance was limited.

IMPORTANT DEVELOPMENTS

Many milestone events for materials and construction ac-
ceptance have been noted over the years. Several of the more
prominent events need to be examined to put a historical per-
spective on the evolution of acceptance procedures for materi-
als and construction. Probably the most frequently noted work
influencing materials acceptance processes was the American
Association of State Highway Officials (AASHO) Road Test
conducted between 1956 and 1962. The evaluations showed
that a larger than expected proportion of materials and finished
pavements deviated from specifications. A congressional in-
vestigation on highway quality led to a similar conclusion.
Records were so poor in some instances that it could not be
ascertained if the proper materials had been used (4). In re-
sponse to these problems, FHWA established a research pro-
gram to incorporate statistical techniques into quality assur-
ance programs.

Statistical quality control concepts were developed through
various studies conducted on materials. Quality Assurance

TABLE 1
RELATED SYNTHESIS REPORTS

Through Process Control and Acceptance Sampling is an ex-
ample of the publications produced during this developmental
stage (5). This publication was designed to describe the fun-
damental philosophy of statistical quality assurance. The sta-
tistics and procedures are described along with examples of
specifications and control charts. By the time NCHRP Synthe-
sis 65: Quality Assurance, was published in 1979, 23 states indi-
cated that they were using some form of statistical specification
(). Nineteen stated they only used end-result specifications. It was
unclear, at the time the synthesis was prepared, whether the 23
states found that statistically based specifications were provid-
ing a cost benefit. The acceptance of materials by certification
was also prevalent for a variety of manufactured materials.
Many of the fundamental issues and acceptance processes de-
scribed in the 1979 synthesis are evident today.

Investigations supporting development of performance-
related specifications were conducted in the 1980s. The key
findings are discussed in NCHRP Synthesis 212 (6). The late
1980s, as evidenced by the pair of synthesis reports in 1989,
had more activity on the administrative side. The content of
these reports is discussed in more detail according to their
subject coverage.

A more recent influence on materials and construction ac-
ceptance process is the Strategic Highway Research Program
(SHRP). SHRP targeted improvements in technology for four
areas: asphalt, concrete and structures, highway operations,
and long-term pavement performance (LTPP). SHRP, which
drew on the collaborative expertise of a large number of agen-
cies and organizations, has generated more than 100 new
products and techniques. Many of these are test procedures
and specifications that have triggered renewed emphasis on
statistically based specification procedures. SHRP is currently
in the implementation phase where it will focus on the appli-
cation of the research findings through various technology
transfer systems (7).

Synthesis Number

National Cooperative Highway Research Program (NCHRP)
Synthesis Title [Publication Year]

38 Statistically Oriented End-Result Specifications [1976]
65 Quality Assurance [1979]
102 Material Certification and Material-Certification Effectiveness [1983]
120 Professional Resource Management and Forecasting [1985]
145 Staffing Considerations in Construction Engineering Management [1989]
146 Use of Consultants for Construction Engineering and Inspection [1989]
163 Innovative Strategies for Upgrading Personnel in State Transportation Departments [1990]
195 Use of Warranties in Road Construction [1994]
212 Performance Related Specifications for Highway Construction and Rehabilitation [1995]

232 Variability in Highway Pavement Construction [1996]




Concurrent with SHRP implementation, many other initia-
tives are occurring. Some are due to the revisions in 23 CFR
637, Quality Assurance Procedures for Construction (I). A
key provision in this regulation permits the use of contractor
test results in acceptance processes. This acknowledges the
contractor’s greater potential for quality control during the
production process. The decision on using the contractor’s re-
sults is left to the DOT. The decision is often based on person-
nel reductions or availability for a particular project. Further
study on the economic and production quality impacts to the
DOTs and the contractors will be needed. This should include
the assessment of contractor test result reliability and im-
provements in the final product due to contractor process and
quality control. This initiative is one of many evolving events
that are continuing to shape materials and construction accep-
tance management processes. Although many events have
shaped current practice, the evolution of the materials and
construction acceptance practices will be examined through
the changes in specifications, quality assurance, warranties,
and personnel management.

CHANGING ROLE OF SPECIFICATIONS

This section defines each primary specification form and
describes its relationship to the materials and construction ac-
ceptance process. The changing role of specifications is re-
viewed from the perspective that the traditional specifications
are usually method-oriented, but today the emphasis is on
performance and performance-related specifications.

Method Specifications

Traditionally, highway construction has focused on method
specifications. Method specifications, also known as recipe
specifications or prescriptive specifications, precisely describe
the equipment, material, and procedure the contractor uses.

When using this form of specification, a supervising
agency is obligated to monitor every aspect of the contractor’s
field operation closely, and the agency is then responsible for
the outcome. By detailing exactly what was to be done, the
expertise of supervising agency personnel was of extreme im-
portance to the success of projects. A clear picture of the pur-
pose of these traditional specifications is gained from a Miller-
Warden publication in 1966 (8):

¢ Provide the contractor a definite basis for preparing his bid;

¢ Inform all representatives of the buyer as to what the
contractor is obligated to do;

¢ Describe the desired procedures;

¢ State the basis for acceptance or rejection of the com-
pleted work, including sampling and testing methods;

¢ Provide rules for decisions on matters referred to the
Engineer.

In addition to these functions, method specifications were
seen as reducing job delays, contract claims, and escalation in

future bid prices by ensuring that the work is done right the
first time (9). Methods for payment were not identified as a
function of method specifications, although they are an ele-
ment of any specification. Two disadvantages of method
specifications were identified: a complete description of the
work process reduces innovation; and full-time personnel are
required for proper enforcement. Elliot notes that methods
specifications remove all responsibility for quality from the
contractor, guidance for handling “out of specification” mate-
rials is generally lacking, and, by their nature, these specifica-
tions create adversarial relationships between the contractor
and inspectors (10).

Implied within the “done right the first time” for method
specifications is a great deal of control, or at least power, over
the contractor’s activities by the inspection/testing personnel.
A contractor’s success, in terms of the work performed, is meas-
ured on the basis of being “in substantial compliance” or “in
reasonably close conformity.” These imprecise terms are used
to provide the DOT engineer or representative some latitude in
the acceptance of the work performed by the contractor. This
latitude is commonly referred to as “engineering judgment.”

Method specifications are still widely used and “‘engineering
judgment” continues to be exercised in the application of
method specification acceptance procedures. For example, the
conformity decision is described in the Pennsylvania Depart-
ment of Transportation Specifications as (11):

For each individual case, the Engineer will determine the limits
of reasonably close conformity; the judgment given will be final
and conclusive. If it is determined that material or the finished
product in which the material was used is not within reasona-
bly close conformity, but that reasonably acceptable work has
been produced, the Engineer will then determine if the work
will be accepted and remain in place. In this event, written
documentation will be provided for acceptance by required
contract modification, and/or to provide for an appropriate ad-
justment in the contract price for such work or material. If it is
determined that material or the finished product is not within
reasonably close conformity and has resulted in an inferior or
unsatisfactory product, remove or replace it.

“Reasonably close conformity” is a judgment issue. It is
thought that unless the Engineer consistently decides in favor
of the contractor, the potential for a dispute exists with each
decision.

Recognizing that there is some error or variation in results
introduced by the materials, the construction process. and the
testing method, the need for “engineering judgment” in method
specifications is clear. This concept is captured best by McMa-
hon and Halstead (12) as reported in NCHRP Synthesis 65 (4).

When traditional specifications [method] are combined with
the skills of engineers, the complete cooperation of contractors,
and the desire of everyone to do a good job, there is no doubt
that a good highway can be built. However, inspectors and en-
gineers must be capable of recognizing good materials and
construction without relying solely on quality measurements,

Elliot (10) also notes that the inspectors must be knowledge-
able, experienced, concerned, and fair. Given the well-
documented loss of personnel in state agencies, knowledgeable,



experienced personnel are becoming more difficult to find.
This would suggest that the task of inspection is rapidly giv-
ing way to inexperienced inspectors, and more conflicts of in-
terpretation are likely.

End Result Specifications

Given the known variability in the materials supplied and
construction process, early end-result specifications were de-
veloped around measurable attributes or propertics of the fin-
ished product, not the processes used to produce the product.
Generally, end-result specifications place few restrictions on
the contractor’s selection of materials or methods, but the
contractor is completely responsible for delivering the product
in an acceptable fashion. Inspection and testing for end-result
specifications has traditionally been a state DOT function.

Fewer problems with acceptance and rejection were identi-
fied for end-result specifications. Early “statistically based”
specifications were developed with sampling plans, decision
criteria for acceptance of the finished product, and a payment
adjustment system. The statistical decision criteria and sam-
. pling concepts reduced many judgment problems by including
an acceptable test variation allowance. The California De-
partment of Transportation considered the effectiveness of sta-
tistically based end-result specifications compared to method
specifications in a recent study. Based on the analysis of proj-
ect data, it was concluded that the statistical end-result speci-
fication for asphalt paving provided better asphalt pavements
than the state’s method specification (9).

Even with the improvements offered by end-result specifi-
cations, Chamberlin identified three technical weaknesses of
end-result or statistical end-result specifications as follows:

1. The inability to identify or measure essential perform-
ance-related characteristics of the end product;

2. The inability to quantify substantial compliance and to
determine price adjustment factors that relate to reduced
or enhanced value; and

3. The uncertainty as to value to be gained from the cost of
implementing statistically based end-result specifica-
tions (6).

Many forms of statistically based end-result specifications
continue to be used. In1993, more than half the states reported
they were using some form of statistical quality control and
quality assurance specifications. Another one-fourth reported
they had statistical specifications in development (13).

Performance Specifications

Although statistically based end-result specifications of-
fered some improvements over other specifications, a major
criticism of the method and end-result approaches is that they
do not necessarily measure characteristics related to performance.
DOTs have more recently concentrated on development of
specifications that relate to the performance of the completed

product. The various forms of performance specifications were
the focus of NCHRP Synthesis 212, which established a set of
common definitions for these specifications because of the
lack of uniformity and use of the specification terms in the lit-
erature (6). For example,

A performance specification describes how the finished prod-
uct performs over time. These specifications are not applicable
to highway components because the technology is not suffi-
ciently advanced (6).

The criteria for performance specifications are being devel-
oped from data collected on long-term pavement performance
projects. These data may provide some guidance on how a true
performance specification could be written. Development of
testing procedures that reflect the performance of the pave-
ment, rather than properties of materials, are in development.
Many new technologies are also being considered, but few
have progressed to the level of sophistication necessary for
performance measurements.

A performance-related specification describes the desired
level of material and construction factors that have been found
to correlate with fundamental engineering properties that pre-
dict performance. These factors are amenable to acceptance
testing at the time of construction (6).

According to Chamberlin, the goal of a performance-related
specification is not to improve the quality of construction. The
goal is to identify the level of quality providing the best bal-
ance between cost and performance.

Performance-based specifications describe desired levels of
fundamental engineering properties that are predictors of per-
formance and appear in primary performance prediction rela-
tionships. These properties are not amenable to timely accep-
tance testing (6).

Performance-based specifications desire to improve existing
levels of quality by focusing on performance properties. Many
material and construction product characteristics that relate to
performance can be measured; however, in many situations the
test results are reported too slowly for contractors to make ad-
justments to their processes.

Emerging Concepts

Elliot suggests that statistically formulated specifications,
as a group, are quality assurance specifications (10). Two dis-
tinguishing features of quality assurance specifications are the
recognition of construction product variability and the inclu-
sion of provisions for handling out-of-specification construc-
tion. Neither of these issues is addressed in traditional method
specifications.

The variability of paving materials and processes was the
subject of NCHRP Synthesis 232: Variability in Highway Pave-
ment Construction (14). Numerous changes in construction pro-
cedures, test methods, materials, and loss of experienced per-
sonnel are contributing to changing overall product variability.



Thus, where specifications are based on one set of conditions or
assumptions, they may be invalid for current materials and equip-
ment. NCHRP Synthesis 232 provides an in-depth discussion of
variability, including discussion of SHRP procedures. It concludes
with recommendations on development of more realistic specifi-
cation limits. The fundamental basis of specification development
is changing along with other quality assurance processes.

QUALITY ASSURANCE PROCESSES

Traditional forms of specifications serve both quality con-
trol and quality assurance functions. The role of state and local
DOTs is moving toward providing a quality assurance func-
tion and away from performing quality control. Concurrently
the contractor’s role is evolving toward total responsibility for
quality control. Quality assurance is defined as:

All those planned and systematic actions necessary to provide
confidence that a product or facility will perform satisfactorily
in service. Quality assurance addresses the overall problem of
obtaining the quality of service, product, or facility in the most
efficient, economical, and satisfactory manner possible. Within this
broad context, quality assurance involves continued evaluation of
the activities of planning, design, development of plans and speci-
fications, advertising and awarding of contracts, construction
and maintenance, and the interactions of these activities (15).

Discussion of traditional quality assurance systems is
based on the type of specification system used and perhaps the
project delivery system. The more traditional system is when
the contractor works within a very controlled environment like
that in a method specification project. Assurance, using
method specifications, is based on the owner having complete
control of the process and enumeration of contractor means
and methods. Detailed owner-directed inspection is the pri-
mary control process, and final acceptance of the work is es-
sentially automatic. Representative sampling can be used as
an intermediate accept and reject criteria.

Most DOT contracts that include quality control/quality as-
surance processes assign the responsibility of developing a
quality control program to the contractor. The DOT typically
provides guidelines on the necessary tests and inspection con-
trols. The DOT’s role is to approve the quality control pro-
gram, monitor contractor procedures, test results, perform in-
dependent tests, and determine acceptance. The Federal
Aviation Administration (FAA) uses a quality process similar
to DOT processes. The FAA contractor quality control pro-
gram requirements are provided in Appendix C.

Many acceptance procedures have established criteria for
awarding partial payment for work of lessor quality or a bonus
when the work is of higher quality. Unlike traditional specifi-
cations where the decision was predominately accept or reject,
the payment adjustments are ideally a cost that is proportional
to the anticipated gain or loss in performance.

WARRANTIES

A construction warranty is a quality management technique
that considers long-term performance requirements. Warranties

were not acceptable on federally supported projects before
1993 and even now are only allowed for limited conditions.
Today, warranties may be included in National Highway Sys-
tem (NHS) construction contracts for specific construction
products or features, excluding maintenance items that are not
eligible for federal participation. The use of warranties on
NHS construction must receive advance FHWA approval. The
DOT can follow its own procedures for including warranties
on non-NHS Federal-aid contracts.

This section summarizes key elements related to materials
and construction acceptance drawn from NCHRP Synthesis
195: Use of Warranties in Road Construction (16), published
in 1994. Since performance specifications are related to how
well a pavement or structure performs over time, a warranty
becomes a natural extension of the performance specification
acceptance process. A warranty is a guarantee of the integrity
of a product and of the maker’s responsibility for the repair or
replacement of deficiencies. It places an absolute liability on
the part of the warrantor and the contract is void unless it is
strictly and literally performed. Usually it is applied to manu-
factured products and their qualities, but can be applied to
construction.

Performance bonds commonly cover work for a period of
one year after completion of the project. Warranties imply a
longer-term obligation and, therefore, involve the long-term
performance of the constructed facility. In 1994, seventeen
DOTs reported using warranties, but generally their warranties
only covered performance of products such as landscaping,
equipment, and traffic marking materials. This type of war-
ranty functions in a manner similar to traditional one-year
maintenance bonds.

The major benefits expected from warranties are improved
construction quality and possible maintenance cost reductions.
Three major concerns with warranties were reported:

¢ Unknown cost impact,

¢ Inability to define the performance required and meas-
urement methods, and

¢ Inability to determine true cause and responsibility for
failures on projects (legal disputes).

Other concerns expressed about warranties were the DOT’s
ability to manage and enforce warranties and the willingness
of the sureties to honor warranty commitments.

Few suggestions were provided for revisions to standard
acceptance criteria when warranties are included in a project,
other than clearer definition of long-term performance criteria.
It was noted that a future consideration would be to continue
development of performance-related design, specification, and
inspection. The identity of the constructed product elements
most likely to be accepted under a warranty contracting proce-
dure is unresolved.

MATERIAL CERTIFICATIONS

A certification is a written statement from a vendor
stating that their supplied materials are in compliance with



specification requirements. Certifications are generally used to
document that the contractor has used materials that comply
with the owner’s quality assurance requirements. Materials or
products that are manufactured with dependable quality con-
trol programs are likely to be successful candidates for accep-
tance by certification. Agency verification testing is required to
ensure the certification is representing an acceptable material.
Certification procedures usually list sampling and testing re-
quirements (17).

Not all materials and components lend themselves to certi-
fication. Unprocessed native materials, soils and aggregates,
are seldom accepted on the basis of certification because of
wide variation in natural deposits. The primary exception to
unprocessed material certifications might be plants, shrubs,
and similar plantings. Certifications have been used in a few
states for aggregate supplies. topsoil, and soil for embank-
ments. Component materials such as asphalt binders, portand
cements. additives, and reinforcing steel were accepted by
certification in about half of the agencies. Acceptance plans
have been developed to allow certification processes to be
used for some plant prepared materials, including aggregates,
provided the supplier has a satisfactory quality control pro-
gram in place. Annual plant inspection and testing are the
primary quality controls to monitor certified materials supplier
performance.

PERSONNEL MANAGEMENT AND QUALITY
ASSURANCE

Previous synthesis reports and related materials were re-
viewed for personnel issues related to materials and construc-
tion acceptance. A recurring theme in each report was the need
to address loss of expertise in DOTSs due to retirement, attri-
tion, and layoffs.

Resource Management Forecasting

The changing emphasis in DOTs, from testing and quality
control to quality assurance, will have a significant influence
on personnel requirements. NCHRP Synthesis 120: Profes-
sional Resource Management and Forecasting, completed in
1985, was chartered to examine the factors that affect profes-
sional resource management, identify the elements of professional
resource management, and identify programs in operation at the
time the synthesis was prepared (I8). The need for this work in-
cluded considerations of retirement and attrition policies, use of
consultants, impact of technological advances, and changes in
the character of the highway program, among others. The re-
port identified six elements of a professional resource plan:

e An overall organizational analysis that attempts to
identify the professionals needed to achieve the agency’s goal
(this could include projected changes in work load, labor mix,
and departmental policies);

o An analysis that determines the behavior and skills nec-
essary to perform specific tasks;

e Person analysis that seeks to identify skills and abilities
an individual needs to perform specific tasks;

¢ Recruitment policies and programs, including the num-
ber of and level of recruits;

o Projected shortages in specific professional categories
that can be determined by analysis of data on external labor
demand and supply, as well as internal departmental data on
the age, structure, and projected retirement of employees; and

o Training and promotion plans for various professional
categories.

At the time the report was written, Minnesota, North
Dakota, and Virginia provided information on their agency-
wide programs. California, Maine, Pennsylvania, and New
York used personnel requirements as part of capital program
planning.

It is notable that in 1985, when the synthesis was written,
no shortage of engineers was anticipated and no mention was
made regarding projections for technicians. Five years later,
however, much had changed. “Many state departments of
transportation (DOTs) are currently facing shortages of pro-
fessional personnel, primarily civil engineers.” This was the
lead statement in the introduction to NCHRP Synthesis 163:
Innovative Strategies for Upgrading Personnel in State
Transportation Departments (19). Demand variation among
agencies was fairly large due to attrition rates, available mar-
ket, and program size. With regard to the availability of fewer
personnel, the report indicated that upgrading existing em-
ployees would not meet the demands imposed by program
growth. One possible strategy to replace lost DOT capability
is the use of consulting engineer inspectors.

Staffing Concerns

NCHRP Synthesis 145: Staffing Considerations in Con-
struction Engineering Management was initiated because the
DOTs were concerned that experienced, trained personnel
were lacking (20). Little was found in the literature regarding
staffing of construction projects at the time. The conclusions
(provided below) attempted to respond to several questions
related to this topic:

e Many agency staffs are not adequate for the current
workload without outside assistance.

* Assigning quality control responsibilities to the contrac-
tors is feasible, providing: the agency’s testing and inspection
procedures include random spot checks to ensure that quality
material is produced and incorporated into the project; a certi-
fication procedure is adopted to ensure that contractor’s tech-
nicians are, in fact, qualified; and specifications are defensible
with reasonable price adjustments.

The report recommended development of staffing
guidelines, additional study of agency attrition problems,
determination of training needs, and establishment of con-
tractor personnel requirements at the same level as agency
personnel.
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TABLE 2

ADVANTAGES AND DISADVANTAGES—CEIUSE (21)

Advantages

Number of Respondents

Improves ability to handle peak work loads
Makes it easier to control in-house staff size

Provides flexibility to add or reduce staff more quickly

Provides special expertise not available in-house
Makes it easier to staff difficult projects

Makes it easier to obtain equipment, offices, etc.
Is more competitive

Is in keeping with state’s goal of increasing privatization
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Disadvantages

Costs are higher
Familiarity with procedures is lacking

Monitoring requires a duplication of effort/increased paper work

Consultant forces may be poorly qualified

Training opportunities for in-house personnel are lost

Training of consultant personnel must be continual
Salary disparities cause in-house morale problems
Control and responsiveness are lost

Consultants recruit agency employees

Consultants are more concerned with protecting themselves than the agency

—_
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Use of Consultants for Inspection

Consultant engineering and inspection (CEI) services have
been used for some time. This topic became the primary focus
of NCHRP Synthesis 146: Use of Consultants for Construc-
tion Engineering and Inspection (21). Completed in 1989, the
synthesis noted that a driving force behind agencies shifting
workload over to consultants was the staff reductions experi-
enced in the previous decade. Consulting firms are primarily
used to supplement agency staff and handle peak loads. The
study findings on the advantages and disadvantages of CEls
are provided in Table 2.

Consultants believed that they provided better-qualified
and trained personnel for projects than the DOTs. Based on
the review of common staff qualifications required by states,
more DOTs required professional registration for CEI engi-
neers than for their own engineers performing the same task.
Technician qualification requirements were more balanced.
The two predominate qualification criteria were existing
agency technician classification schemes and experience. The
top five criteria used for CEI consultant selection (identified
by at least 10 states) were:

¢ The qualifications and experience of the available staff

members,

e Past performance of the firm, especially performance for
the agency,

¢ Specialized expertise for the specific project,

e The firm’s current work load and ability to meet the
schedule, and

¢ Location of the firm’s office with respect to the project.

Among other criteria noted were the price; familiarity with
specifications, work processes, and project; and professional
reputation of the firm.

Some of the recommendations from NCHRP Synthesis 146
also should be noted:

e Agencies should use staffing guidelines and manpower
management systems to assess staffing needs to determine the
need for outside assistance.

e Agencies should retain sufficient CEI work in-house to
provide training opportunities to maintain a trained work force
capable of adequately administering consultant CEI contracts.

¢ Agencies should specify minimum requirements for both
engineers and technicians in the requests for proposals, to en-
sure that consultants understand the qualifications expected
and to make evaluation of proposals easier.

¢ CEI consultants should require, or at least encourage,
their technicians to become certified in an appropriate certifi-
cation program. At this time, the National Institute for Certifi-
cation in Engineering Technologies (NICET) program meets
the need in highway construction engineering and inspection
better than other identified programs do.

¢ Agencies should check the calibration of consultant
test equipment and monitor testing procedures to ensure test
accuracy.

¢ Agency accounting systems should be modified to afford
managers the ability to determine the true cost of construction
engineering, whether agency personnel or consultants perform
it. Only then can a true cost comparison be made.

The time to process CEI contracts ranged from 3 weeks to 9
months. More typical values ranged from 4 to 5 months from
the time the request for proposals was released and the approval
made. This clearly points to the importance of forecasting staffing
needs for the start of upcoming construction programs.

Use of Contractors in QC/QA Process

The use of contractor quality control test data to aid the
quality assurance decision on DOT construction projects is
relatively new. Few references in the literature were found.



The Federal Aviation Administration contractor quality control
requirements enable a contractor to:

o Adequately provide for the production of acceptable
quality materials,

¢ Provide sufficient information to assure both the Con-
tractor and the Engineer that the specification requirements
can be met, and

¢ Allow the Contractor as much latitude as possible to de-
velop his or her own standard of control (22} .

The continued use of consultants and contractors in materials
and construction acceptance processes indicates that many of
the factors influencing DOTs to seek external expertise and
assistance have not changed.

NCHRP Synthesis 65. Quality Assurance, noted that
agencies using statistical approaches usually assign total re-
sponsibility for quality control to the contractor. Quality con-
trol would be those activities conducted by the contractor to
assure that materials and construction conform to specification
requirements. Acceptance tests are those performed by the
DOT to assure satisfactory quality control has been exercised.
The common interpretation of assurance sampling and testing
is that independent samples are taken to measure the quality
control process.

FEDERAL HIGHWAY ADMINISTRATION

As noted earlier, the final rule on the Quality Assurance
Procedures for Construction was published in the Federal
Register in June of 1995. This imposes significant changes
(both allowed and required) in materials and construction ac-
ceptance processes. It permits the use of contractor test results
in the acceptance process and the use of consultants in inde-
pendent assurance and verification programs. The rule re-
quires that each DOT develop a quality assurance program
that provides for an acceptance program and an independent
assurance program. Required in the acceptance program are:

o Verification sampling and testing frequency guide,
¢ Verification sampling and testing location, and
¢ Identification of test attributes reflecting product quality.

Quality control sampling and testing results may be used as
part of the acceptance decision provided that:

o Sampling and testing have been performed by qualified
laboratories and personnel,

» Quality of the material has been validated by verification
sampling and testing requiring independent samples, and

¢ The quality control sampling and testing is evaluated by
an independent assurance program.

An important aspect of the regulation was a mandate to
testing laboratories requiring that:

11

a) Laboratories.

1) After June 29, 2000, all contractor, vendor, and SHA
(State Highway Agency) testing used in the acceptance
decision shall be performed by qualified laboratories.

2) After June 30, 1997, each SHA shall have its central
laboratory accredited by the AASHTO Accreditation
Program or a comparable laboratory accreditation pro-
gram approved by the FHWA.

3) After June 29, 2000, any non-SHA designated labora-
tory, which performs Independent Assurance (IA)
sampling and testing, shall be accredited in the testing
to be performed by the AASHTO Accreditation Pro-
gram or a comparable laboratory accreditation pro-
gram approved by the FHWA.

4) After June 29, 2000, any non-SHA laboratory that is
used in dispute resolution sampling and testing shall
be accredited in the testing to be performed by the
AASHTO Accreditation Program or a comparable labo-
ratory accreditation program approved by the FHWA,

b) Sampling and testing personnel. After June 29, 2000, all
sampling and testing data to be used in the acceptance
decision or the IA program shall be executed by qualified
sampling and testing personnel.

¢) Conflict of interest. In order to avoid an appearance of a
conflict of interest, any qualified non-SHA laboratory
shall perform only one of the following types of testing on
the same project: Verification testing, quality control
testing, IA testing, or dispute resolution testing.

BACKGROUND SUMMARY

The lead references highlighted a wide range of topics that
influence materials and construction acceptance management
practices. Some of the key issues are listed below.

¢ Specifications are evolving from method specifications
toward performance-based specifications, although method
specifications will be retained for many applications.

e The next generation of performance specifications is
likely to include parameters reflecting more realistic expecta-
tions of variability.

o Warranties create many new opportunities, but were not
implemented until recently and only on a very limited basis.

¢ Certifications have been used to accept nearly all mate-
rials, with the exception of native materials.

¢ Studies reviewing DOT staffing practices and the use of
external consultants or contractors in the materials and
construction acceptance indicated a few states using fore-
casting techniques capable of identifying what skills would be
needed.

¢ The most recent influence to surface in the background
study was the FHWA final regulation on quality assurance
procedures.
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CHAPTER THREE

CONTRACT PRACTICES AND REGULATIONS

Materials and construction acceptance is a combination of
administrative processes and technology. Information about
current management practices of DOTs was collected in Sep-
tember 1996 using the survey form in Appendix B. Forty-one
responses were received from the 52 questionnaires sent out.
Not all DOTs responded to all the sections in the question-
naire, so reported response totals vary. Also, many DOTs dis-
tributed the survey to a number of people for response, because of
the diversity of topics in the questionnaire. The individual
sections were combined to represent a single DOT response.
General comments and other information provided on the sur-
veys were maintained in independent records. Many DOTs
provided the supporting documents requested in the survey.

The questions, from the questionnaire in Appendix B, ap-
pear in the text as bold italic section headings. Each survey
question is followed by a brief discussion of the survey ques-
tion, response patterns, and is summarized with the overall
DOT consensus where appropriate. Example comments or
documents were chosen to illustrate specific DOT practices.
The illustrations were not valued as best practices or recom-
mended practices, but they often represent a specific or unique
treatment of a subject.

The survey responses were divided into three chapters.
Contract practices and regulatory issues are discussed in this
chapter. Management of technology and management of per-
sonnel issues are presented in chapters 4 and 5 respectively.

REGULATORY ISSUES

Regulations govern many of the activities of DOTs. A key
concern regarding the latest FHWA quality assurance regulation
was a DOT’s ability to begin implementation without regula-
tory authority. The use of contractor test results in decision-
making and use of consultants in the quality assurance process
were the two primary points of inquiry. The survey covered
this topic with a broad question on regulation restrictions.

Do you know of any state legisiation or other restrictions
that would prevent your agency from using contractor test
results or consultant testing for assurance as established
by the guidelines in 23 CFR 6377

23 CFR 637 was rewritten in 1995 to permit state DOTSs to
use contractor or consultant’s test results in the acceptance of
materials and construction. This is only an enabling regula-
tion: the DOTs are responsible for implementation. State ad-
ministrative and procurement procedures may require that only
measurements by independent parties be used in the accep-
tance decision process.

Thirty-nine responses indicated no specific problem related
to use of contractor test results in quality assurance decisions,
and two did not provide a response to the question. Georgia
indicated agreements with consultants were allowed, with
special state approval. Thus, it appears there is little in the
way of administrative problems related to using contractor
quality control tests or consultant assurance tests in the mate-
rials and construction acceptance process.

CONTRACT PRACTICES

The contract documents that govern project execution are
similar for all DOTs. However, some have modified their con-
tracting practices to include, for example, warranties, special
qualification criteria, or quality incentives. The group of ques-
tions that follows were targeted to identify new or revised
contracting practices in materials or construction acceptance.
Warranties, contractor quality control programs, and consult-
ant quality assurance processes were key management issues
that have been influenced by recent regulatory changes.
Specification incentives and disincentives, regional specifica-
tions, and dispute resolution mechanisms for testing are also
influential elements in materials and construction acceptance.

Does your agency incorporate warranties in the construc-
tion acceptance process?

Thirty-three of the 41 DOTSs responded that they were not
using warranties in the construction acceptance process. Seven
DOTs responded that they were using warranties for construc-
tion acceptance. One respondent did not provide information
about their agency’s plan for warranties.

Twenty-three of the DOTs not using warranties provided
additional comments as follows:

1) Twelve indicated they were in some stage of considering
warranties,

2) Five said they were “looking at” the use of warranties at
this time,

3) Four indicated they would drop or limit the amount of
inspection and testing on warranted work when it was
implemented, and

4) Two responded they would consider implementation
with no impact to their testing and inspection program.

Of the seven DOTs using warranties, several provided
additional information on their specific applications of con-
struction warranties. The impact it has had on testing pro-
grams was also reported.



o Arkansas reported using warranties on traffic signals and
rest areas.

e Maryland eliminated paint and preparation inspection
and testing by the use of warranties.

e Puerto Rico reported using warranties for mechanical
and electrical items.

« Wisconsin and Indiana reported that they eliminated testing
requirements for warranted work (biturninous concrete paving).

The number of DOTs using warranties is consistent with
the synthesis study completed in 1994. That study noted that
most warranties were l-year performance or maintenance
bond requirements, and not multi-year warranties based on
constructed facility performance.

Indiana and Wisconsin have experimented with 5-year
warranties on pavement projects. Wisconsin has had more
extensive experience with warranties and plans to have seven
projects screened for warranties in the 1998 construction sea-
son. Indiana completed its first warranty project in 1996. Only
the mainline paving is considered under the warranty provi-
sions, while other project work is accepted using more tradi-
tional procedures. Performance criteria for the warranty period
are established before the start of the project. Indiana estab-
lished the performance criteria with industry participation.
Wisconsin relied on the data from pavement management pro-
gram records. In both DOTS the criteria were established using
performance objectives. For example: roughness, friction, rut-
ting, and cracking would be typical warranty performance
criteria measured at predetermined time intervals.

The contractors for these projects established their own
quality control and quality assurance procedures. The contrac-
tor on the warranted work is actually performing the quality
assurance for their work. Neither DOT performs traditional
quality assurance testing on work related to the warranty
items. Indiana performed some independent sampling for
project monitoring purposes, since this is their first experience
with a warranty. Wisconsin estimates the DOT’s tests are 10
percent or less of the total quality assurance sample, but only
the contractor tests are used for acceptance and payment
evaluations. Neither Indiana nor Wisconsin performs any
quality control testing.

Wisconsin DOT currently has warranty specifications for
asphalt pavement built over a portland cement concrete and
asphalt pavement built over a granular base. The contractor is
responsible for asphalt mixture(s), pavement performance, and
warranty work on the finished roadway for 5 years following
completion of the work. The warranty is a single term, S-year
warranty bond that ensures proper and prompt completion of
warranty work.

The Wisconsin specification establishes procedures for a
conflict resolution team. The resolution team is composed of a
five-member panel. The contractor and the DOT each select
two members and the fifth member is selected by mutual
agreement. The specification itself is unique in many ways,
but the criteria of performance are the critical points that need
to be defined. The current version of the Wisconsin specifica-
tion identifies 12 distress types. Threshold acceptance levels
for each type of distress and required remedial action are
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defined. These are provided in Appendix D. The basis of pay-
ment is a comprehensive unit price per ton for the pavement
and shoulders. Compensation includes furnishing, preparing,
hauling, mixing, placing of all materials; the warranty work; a
quality control plan; testing, record keeping, sampling; traffic
control; and all other labor, tools, equipment and materials
incidental to the work.

Do you evaluate contractor quality control systems as part
of the prequalification process for bidding on projects?

Not all DOTs use a prequalification process for considering
a contractor’s capability for performing work. Traditional pre-
qualification systems are heavily weighted toward financial
capability and work experience. However, this question raises
the issue of evaluating a contractor’s testing and quality con-
trol capacity. Only Connecticut, Maryland, and New Jersey
replied that they considered quality systems information in
qualifying contractors to bid work. Connecticut indicated that
they prequalify on the basis of financial capability and experi-
ence. Maryland evaluates quality control plans in those in-
stances where the prime contractor happens to be the hot-mix
asphalt producer and laydown operator. Thus, the contractor’s
whole operation is evaluated prior to approval. New Jersey
plans to include more quality evaluation of contractors in the
future. Towa commented that they would remove a bidder who
failed to meet minimum qualifications.

Contractor quality plans were discussed in chapter 2, how-
ever the DOT in New Jersey has implemented quality assur-
ance programs for consultant design contract proposals that
bear mention here. They require the consultant to submit a
quality assurance plan. Key headings from the New Jersey
Consultant Quality Assurance Program Plan Guidelines in-
clude the following (23):

Quality Control Policy

Project Organization with responsibility assignments
Quality Control System

Contract Review

Design Control

Document Control

Purchasing

Process Control

Control of Nonconforming Product
Corrective and Preventive Action
Control of Quality Records
Internal Audits

Training.

Quality-based prequalification is the focus of the current
NCHRP Project 10-54, Quality-Based Performance Rating of
Contractors for Prequalification and Bidding Purposes. The
objectives of this project are to (1) develop a quality-based
system for performance-rating contractors for either prequalifi-
cation or bid-selection and (2) prepare an implementation plan
as a guide for DOTs and industry. One of the driving forces
mentioned in the research problem statement was that
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“transportation agencies are under pressure to reduce person-
nel—thus reducing the ability to provide close project over-
sight—without degrading the quality of the construction proc-
ess and the final project.” Contractor workmanship and
compliance with the specifications are critical elements of
such evaluations. This clearly anticipates further changes in
the DOT’s role in materials and construction acceptance.

Do you contract with any “outside” agencies to provide
quality assurance or acceptance testing?

Hiring outside consulting or testing firms as an extension
of DOT forces is a common practice. This question was tar-
geted toward identifying what the state of the practice is in re-
gard to contracting with other groups to provide assurance
testing. Only 39 complete responses were received from the 41
surveys returned. Twenty-two indicated that they do not con-
tract with outside agencies for quality assurance and accep-
tance testing. Seventeen indicated they did contract at least
some quality assurance testing outside their workforce.

The need for contracting quality assurance and acceptance
testing was attributed to a range of issues. Seventeen surveys
indicated why they used contracted services as follows:

1. Staff reductions and lack of personnel (10 responses),
2. Lack of qualified personnel (3 responses), and
3. Balancing seasonal workload (4 responses).

Seasonal workload and reduced staff size are resource
availability problems. DOT staff sizes have been steadily re-
duced over the past 10 to 15 years, and any increase in pro-
grammed work creates seasonal or peak workload personnel
shortages. One other reason noted for contracting inspection
services was for out-of-state inspections of material or equip-
ment. The DOT in the material producing state would be re-
quested, by another DOT, to provide on-site evaluations of the
supplier. This is an effective approach to inspecting materials
at the source without requiring a significant amount of travel
by inspection personnel.

Advantages—Those listed for using outside testing agen-
cies were primarily balancing workloads and using the con-
sultants as an extension of staff. Two respondents, who use
contracted testing for out of state materials inspections, indi-
cated that this practice was cost-effective for them. Two re-
spondents indicated that the only advantage to this practice is
that the “inspection gets done,” and two others knew of no ad-
vantages to contracting out.

Disadvantages—These comments were varied. A pre-
dominant concern was the DOT’s ability to audit the firm
performing the inspections or tests. Of the nine respondents
who agreed with this, two also noted that decisionmaking
abilities of consultants were poor. Decision making in this
context was related to practicing “engineering judgement” in
the acceptance process and other quality related decisions. Six
respondents noted hiring unqualified or inadequately trained
consultants to do this testing as an issue. Other responses
were concerned with union resistance to the practice, potential

for losing agency expertise, and when hired firms are not dedi-
cated to DOT goals.

The required qualifications for “outside” testing agencies
ranged from none to very detailed requirements. Arizona’s
system is representative of a program that defines specific re-
quirements for materials testing laboratories working on Ari-
zona DOT projects. Eligible laboratories are periodically
evaluated to verify compliance with the requirements. Ari-
zona’s visitation process parallels the AASHTO Accreditation
Program (AAP) which is discussed in more detail in chapter
4. Arizona requires AAP accreditation in those areas the labo-
ratory performs DOT testing. Their inspection and evaluation
criteria requires demonstration of tests, written policy and pro-
cedures including a correlation testing plan for portable or
satellite facilities, and copies of AASHTO Materials Refer-
ence Laboratory (AMRL) and Cement and Concrete Reference
Laboratory (CCRL) inspection reports. The laboratories are
also required to participate in Arizona DOT’s proficiency
sampling program. Personnel qualifications for supervising
technicians are one of the following:

a) Certified by the National Institute for Certification in
Engineering Technologies (NICET) at Level III, or
above, in the appropriate field and subfield in which
work is directed.

b) Registered as a Professional Engineer in the State of
Arizona with one year of applicable experience that is
acceptable to the Department

¢) Certified as an Engineer-in-Training by the State of Ari-
zona with two years of applicable experience that is ac-
ceptable to the department.

d) Obtained a Bachelor of Science Degree in Civil Engi-
neering, Civil Engineering Technology, Construction
Engineering, or related field acceptable to the Depart-
ment, with three years of applicable experience that is
acceptable to the department.

¢) A NICET certified Engineering Technician, or above, in
Civil Engineering Technology, with five years of high-
way experience that is acceptable to the Department.

Arizona technicians performing actual sampling, testing, or
inspection must meet one of the following requirements:

f) Certified at Level I, or above, by NICET in the appro-
priate field and subfield, acceptable to the Department

g} An individual listed in (a) through (e) above, if profi-
ciency has been demonstrated in performing the appro-
priate sampling, testing, or inspection function.

h) Enrolled in the appropriate field and sub-field of the
NICET certification program, acceptable to the Depart-
ment, and under the direct observation of an individual
listed in (f) or (g) above.

To perform referee testing on Arizona DOT projects as an in-
dependent testing laboratory, a laboratory must provide proof
of its independent status. Testing firms must be devoid of
ownership in any participant contractor or material supplier
performing work for the department.



Are quality incentives and disincentives used in your
specifications?

Incentives and disincentives are widely used in the materi-
als and construction acceptance process. Of the 41 surveys, 35
responses reflected some form of incentives or disincentives;
five indicated they did not use them; and one survey had no
response to the question. Most of the incentives and disincen-
tives referenced by the respondents were related to pay factor
adjustments. Examples of pay factor equations are provided by
Pennsylvania’s concrete paving specification and South Caro-
lina’s hot-mix asphalt specification. Each DOT’s formulation
of pay factor equations is slightly different, but the variables
chosen often measure the same characteristic.

Pennsylvania has a payment adjustment formula for rein-
forced or plain concrete pavements, Section 506, under its re-
stricted performance specification.

2Ps+2Pd +P Pp-100
Lp=Cp[( s+ 2 , (Pp )}

500 100
where:
L, = Lotpayment
C, = Contract price per lot
P(s) = Payment percent of contract unit price
strength
P(d) = Payment percent of contract unit price depth
P(a) = Payment percent of contract unit price air
content
P(p) = Payment percent of contract unit price profile
index

Payment percentages are determined from tabulated values
that relate lot test results to the appropriate pay adjustment. Of
the four attributes measured for lot payment adjustment, the
only factor whose upper limit represents a quality incentive is
the profile index, which can be allocated 105 percent of the
contract unit price, when no other profile corrections have
been made. The other factors can be paid to 100 percent of the
contract unit price. For a contractor to receive an incentive
payment, all other factors must also be maintained at a high
quality performance level.

The total lot payment for hot-mix asphalt (HMA) mixtures
is handled with three attributes in South Carolina:

Total Price Adjustment = 0.3 (A) + 0.5 (B) + 0.2 (C)

where:
A = % bid price factor for asphalt binder content
B = % bid price factor for air voids
C = % bid price factor for VMA

There are incentives in the Bid Price Factors for asphalt binder
content and air voids that range up to 104 percent. The voids
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in mineral aggregate (VMA) has a maximum value of 100
percent.

These two example formulations provide a limited insight
to pay factor adjustment formulations. Table 3 illustrates a se-
lected list of specification areas where DOTs responded to
using incentives and disincentives in their payments.

The survey requested that respondents consider the advan-
tages and disadvantages of incentives and disincentives in the
materials and construction acceptance process. The numbers
indicate the number of respondents that listed that advantage.
The totals reflect multiple responses from the DOTs. The ad-
vantages to these specifications were noted as follows:

¢ The quality from contractors has improved. (9)
¢ The contractors are more aware of their product. (5)
o The contractors provide smoother pavements. (5)
The contractor is rewarded for work exceeding the
specifications. (2)
¢ DOT has increased conformance with specifications. (2)
¢ HMA quality has improved for all properties. (2)
e The user delays are reduced. (2)
o The better contractors are bidding on anticipated incen-
tives. (1)
¢ The disincentives capture the attention of the contractor
to enlist their fullest cooperation. (1)
¢ Reduced contractor litigation is anticipated. (1)
o DOT specifications are easier to write. (1)

[ 2

Two respondents noted that their contractors complained
that the incentives were too difficult or impossible to achieve.
Both rationalized that the purpose of the incentive was to re-
ward exceptional performance not just better than specified.
Statements in the surveys were ‘“The department does not plan
for the payment of incentives to become routine or common-
place. The intent of these incentives are to pay only for excep-
tional work, not work that only meets the minimum specifica-
tion.” The other said they “could probably obtain a satisfactory
level of quality without incentives using disincentives only.”

In contrast to this position was another state’s comment on
incentives that said, “we have to be careful that we do not spec
something that is not reachable, putting contractors and pro-
ducers in a no-win situation.” Weed, in a 1994 paper stated:
“Unless the adjusted pay schedule is designed to allow bo-
nuses and reductions to balance out in a natural way, the aver-
age pay factor will be biased downward at the AQL
(acceptable quality level) and acceptable work may be unfairly
penalized (24).” This balance is difficult to achieve, as noted
in the disadvantages listed as follows:

o We accept work that does not meet specification by re-
ducing costs. (1)

» The contractors have come to expect incentive payments. (1)

o Rideability may only provide a short term benefit. (1)

¢ The incentives and disincentives are easy to recommend,
but difficult to implement. (1)

» Contractor uses maximum water content to obtain smooth
concrete pavements. (1)

¢ They add an extra administrative burden. (1)
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TABLE 4

A SAMPLE OF SMOOTHNESS SPECIFICATIONS PAYMENT ADJUSTMENTS

Maximum Price Incentive Adjustment

Profile Index (PI) Requirements

Under 3 inches/mile/section

Under 2 inches/mile/0.1 mile section
Decreasing payment factors start at 0.98
for 0.1 to 1.0 inches/mile/0.1 mile for PI
exceeding specified minimum

Incentive payment schedule is a bonus
payment only applies for pavements
qualifying for O to 4 inches/mile
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State (Percent of Unit Bid Price)

Alabama 105

Arkansas 105

Maryland 100

Michigan 100% bonus for 0.0 inches/mile decreasing
at 0.25% for each 0.01 inches per mile to a
bonus factor of 0 for 4 inches/mile

Nebraska 105

Pennsylvania 105

Wyoming 5% payment incentive

For 0 mm to 30 mm per lane—kilometer
For 3 inches/mile or less

Daily average PI must be less than 80
mm/km and maximum is eamned for P1 less
than 40 mm/km

* (Our) experience has been paying more for the product
than we should. (1)

o Items with incentives and disincentives drive production,
and qualities of the product may be sacrificed to achieve the
incentives. (1)

If it is accepted that in the process of establishing incen-
tives or disincentives the role of the specification writer is to
balance the risks of both parties, there are a variety of ap-
proaches to achieving the goal. Table 4 illustrates the variety
of bonus or incentives and disincentives for smoothness
specifications. The list is not intended to be exhaustive, only to
illustrate the variation in types of adjustments used for a single
factor. One common feature among the listed factors is a con-
sistent cap on maximum payments at 5 percent above the base
unit bid. The profile index values that trigger bonus payment
and the range of payments possible vary among the DOTs.
Maryland’s specification contains only a disincentive clause,
no incentive is included. However, the measurement index is
measuring the variation from a specified profile index.

Do you use regionalized specifications which tailor specific
clauses for materials or acceptance due to local material
availability or practices?

Thirteen responses indicated that they used some form of
regional specifications, generally to take advantage of local
material supplies. The predominant use of regionalized speci-
fications was for aggregates.

Advantages

¢ Better selection of aggregates

¢ Better product quality and economics when designed for
the area

e Able to use local materials which minimizes haul road
damage

¢ Use of slag aggregates

¢ Better use of aggregate pits.

Disadvantages

e Work well in small state construction program, but are
very method oriented

e Could possibly be getting a product of lesser quality,
which will cost more in long run

o Lack of material uniformity throughout state

o If the specifications are improperly used they may be
more costly

¢ Quality is compromised by regional specifications

¢ District engineers can specify materials within district
based on availability. Contractors complain that we cannot
decide what we want.

Regional specifications can be used for tailoring material re-
quirements when statewide variations are large enough that
they impact quality. The process establishing the distribution
pattern and other acceptance requirements was not included in
the scope of this question.

Do you have a dispute resolution mechanism in your qual-
ity assurance program for instances when assurance tests
do not agree with consultant or contractor tests?

Twenty-five respondents indicated that they had a dispute
resolution mechanism for test results and provided information
on their process. Resolution techniques were administrative,
investigative, or a combined process. The purpose of the in-
vestigative methods is to identify the potential source of test-
ing error. Once the source of error was identified, the retest
procedures were often identified as the resolution mechanism.
The administrative methods were generally the dispute resolu-
tion mechanisms. The following specification paragraph high-
lights the combined investigative-administrative process. The
first attempted resolution is validation of the test data and
additional investigation. Failing identification of the test dis-
crepancy, the administrative decision determines a pay factor
based on the DOT tests only.
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If the statistical comparison validated the test data, pay factor
determination will be based on all test data, both the Depart-
ment's and the Contractor’s, for that particular material and
property. If the statistical comparison does not validate the test
data, then the Project Manager and Process Control Technician
shall investigate to determine the reason for the discrepancy. If
the investigation identifies the reason for the discrepancy, the
data set containing the faulty data will be corrected or elimi-
nated from consideration, as appropriate. If the reason for the
discrepancy cannot be resolved, then pay factor determination
will be based on the Department’s test values only. In the event
that individual test values are suspect, the data in question shall
be evaluated using “Standard Practice for Dealing With Outly-
ing Observations,” ASTM E 178, with appropriate action as
determined by the Engineer being taken as a result of this
evaluation (24).

The majority of the respondents indicated they used refereed
samples or some form of additional testing to verify which test
data would be considered correct. Central laboratories were
commonly cited to perform additional testing. Table 5 sum-
marizes the DOT resolution methods.

SUMMARY OF CONTRACT PRACTICES

This chapter examined the various administrative and con-
tract procedures commonly found in DOT specifications that
affect acceptance of materials and construction or, in the case
of incentives, have an influence on contractor operations.

No legislative barriers to implementing 23 CFR 637 were
reported. The survey results indicate that DOTs are not yet
using contractor test results in acceptance decisions.

Warranties are being tried on a limited basis. Their main
impact appears to be a reduction or elimination of nearly all
testing for the work covered by the warranty. Indiana and Wis-
consin construction warranties were specific to pavements.
Other project work is accepted using traditional procedures.

TABLE 5
TEST RESULT DISPUTE RESOLUTION

Qualification or prequalification of contractors on the basis
of quality management is not widely performed. Several DOTs
indicated they considered quality in their project evaluation
process. New Jersey requires a design quality control system
from design consultants.

The use of consultants or contractors for inspection testing
was typically generated by a lack of personne! in the DOT.
The qualifications of testing personnel were relatively consis-
tent for DOT and external consultant personnel. The require-
ments for contractors were reported as being higher for similar
job functions.

Inclusion of quality incentives and disincentives for various
test results was common. Smoothness or rideablity was the
characteristic most popular for incentive adjustments. The key
advantages for including incentives were improved quality,
improved contractor concern for quality, and improved
smoothness/rideablility. The disadvantages were limited, but
some serious concerns regarding the quality of work accepted
under incentive clauses were presented.

Regional specifications were not found to be widely em-
ployed. DOT aggregate specifications more commonly require
regional considerations than other areas in the specifications.
Generally, the advantage of the regional specifications was
that requirements could be adjusted to reflect locally available
materials. The disadvantage was that, because of these mate-
rials, the perceived quality was lower.

Two primary strategies for handling materials disputes
were noted. The first strategy used additional testing for vali-
dation. The additional testing identifies which test was likely
to be the correct test result. Other DOTs were satisfied with
general statements regarding a need to conduct investigations
of the cause (which may include retesting) to simply an ad-
ministrative determination of the acceptance decision. A num-
ber of DOTs do not use contractor testing at this time and,
therefore, do not have a dispute resolution technique.

Resolution Process

Agency

Refereed samples or additional testing required

Investigation and administrative decision

None established or in process

AL, AZ,CA,FL,MD, ME, MI, MS, NB,
NJ,NV, OH, OK, PR, TX, UT, W1

AK, AR, IA, IN, ND, NM, MO, WV

CT,GA, HI, IL, LA, MA, MN, NH, PA,R],
SC, TN, VT, WA, WY




CHAPTER FOUR

MANAGEMENT OF TECHNOLOGY

This chapter examines the role that changes in technology
or technology management requirements have had on the ad-
ministration of materials and construction acceptance pro-
grams. Laboratory accreditation requirements and increased
use of external certifications have been significant changes.
Frequency of tests and test tolerance changes, driven by new
technology, have also brought changes to acceptance pro-
grams. The influence of new materials entering the market-
place, concurrent with reduced test capability in DOTS to in-
dependently test all products, is shaping decisions about the
requirements for acceptance decisions.

LABORATORY ACCREDITATION

Is your central laboratory AASHTO accredited? If you have
other labs, are they AASHTO accredited?

Laboratory accreditation could be a major technology man-
agement change for a DOT. In 1988 the American Association
of State Highway and Transportation Officials (AASHTO)
established the AASHTO Accreditation Program (AAP) to
formally recognize the competency of a testing laboratory to
perform specific tests on construction materials. The program
is available to all laboratories, including independent labora-
tories, manufacturers’ in-house laboratories, university labora-
tories, and governmental laboratories.

The AASHTO Materials Reference Laboratory (AMRL) is
the technical support and administrative group for AAP.
Monitoring and administration of AMRL and AAP is as-
signed to the AASHTO Highway Subcommittee on Materials.
AMRL provides laboratory inspection, quality system evalua-
tion and proficiency testing samples for laboratories testing
soils, asphalt cements, emulsified asphalts, bituminous con-
crete, and bituminous concrete aggregates. The Cement and
Concrete Reference Laboratory (CCRL) sponsored by the
American Society for Testing and Materials (ASTM), for
testing hydraulic cement, portland cement concrete (PCC), and
PCC aggregates offer similar services. AMRL and CCRL are
Research Associate Programs at the National Institute for
Standards and Technology (NIST). Appendix D contains a
copy of the AASHTO Accreditation Program requirements.

The implementation requirements of 23 CFR 637 state that
by June 30, 1997, each DOT shall have its central laboratory
accredited by the AASHTO Accreditation Program or a com-
parable laboratory accreditation program approved by the
FHWA. By June 29, 2000, accredited laboratories shall per-
form all contractor, vendor, and DOT testing used in the ac-
ceptance decisions. In September of 1996, only 26 laboratories
responding to the survey were AAP facilities. As of October
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1997, 46 DOT laboratories have completed portions of the
AAP requirements. The data for the October 1997 update are
provided in Appendix E.

TESTING

How are the testing and sampling requirements for a proj-
ect determined? Describe the factors used in making the
decision.

Twenty-nine responding DOTs use a predetermined list of
sampling frequencies and sample requirements. The key pa-
rameters controlling the sampling frequency are the lot size
and production for the day. A representative QC/QA Sampling
and Testing guideline is provided in Table 6, from the Ala-
bama Department of Transportation QC/QA Requirements
for Hot Mix Asphalt Pavements. The test frequencies that
depend on lot size will depend on the specific language of
the specification. A lot is an isolated quantity of material
from a single source or a measured amount of specified con-
struction, which is assumed to be produced by the same proc-
ess. Each material sampled will have specification directives
for lot size.

Historical performance, heuristic (rules-of-thumb), and
other approaches are used by a smaller group of DOTs. These
methods are suitable in cases where most work is controlled
by method specifications, where the test frequency is likely to
be a field inspection decision.

The National Cooperative Highway Research Program has
sponsored research to investigate testing and inspection levels
for hot-mix asphaltic concrete overlays (Project 10-39A). The
primary objective of this research is to develop a rational
method for determining the minimum level for both agency
and contractor testing and inspection activities necessary to
satisfactorily construct overlays using existing references from
AASHTO. The research is to develop a rational method for
determining staffing levels for inspection and testing a specific
construction activity. The project is in progress and is antici-
pated to be completed in 1998.

Have you performed any risk and value assessments or
studies on the various tests used for quality assurance?

Only six responses indicated that risk or value assessment
is used to evaluate quality assurance tests. Operating character-
istic curve analyses and computer simulation tests are used by
New Jersey DOT as a risk analysis technique for establishing
testing requirements (25). New Jersey has a procedure for
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improving the specification for the compaction level of bitu-
minous materials. Level of compaction was controlled from
the air voids content rather than by density control. By con-
trolling air voids, other performance factors affected by air
voids, such as permeability, chemical intrusion, oxidation, and
creating a hazard from extruded asphalt on the surface due to a
low air void content, are addressed by the quality measure. The
new plan includes measurement of percent defective, based on
the percentage of the lot (4180 m” or 5,000 yd®) falling outside
specification limits. The rejectable quality level was set at 75
percent defective. The level was deemed appropriate because of
the unlikely event of failure. These features were used to establish
the operating characteristic curve (OC). Assignment of these val-
ues was based on engineering judgment and historical data on
air voids.

The pay factor equation developed for this specification
adjusted the pay equation for the cost of needing to place an
overlay sooner than expected and an inflation adjustment term.
Each of these considerations reflects elements of buyer risk
based on future events that are known to occur as the result of
accepting lower quality. The new specification was bench-
tested against previous project records prior to introduction
through pilot projects. Detailed examination of each of the is-
sues involved in a risk analysis approach to quality assurance
is beyond the scope of this discussion.

TABLE 6
SAMPLING AND TESTING REQUIREMENTS—ALABAMA

Do you have guidelines for tolerance limits for comparison
of test results?

Thirty respondents indicated they do have guidelines for
comparison of test results. However, there are two different
forms of tolerance limits for test results. The first is for job
control decisions, and the second is for comparison of test re-
sults from independent samples.

An example of job control by material supply testing is
Connecticut’s bituminous concrete supply specification. It
states that when a producing plant’s material does not conform
to the job mix formula on three consecutive samples or the
master range for two consecutive samples, production shall
stop. These rules may also be applied to nonconsecutive sam-
ples during any single production day. The tolerance for pur-
poses of cessation of plant production is the difference in any
single sample from the job mix formula in excess of the toler-
ances in Table 7. The plant resumes production after trial
mixes have been approved. Tolerances between the job control
acceptance tests and the independent quality assurance samples
can also be established. The maximum tolerance allowances
are used to judge the two independent sets of tests. When the
difference in the independent tests falls within the tolerance,
the results are considered favorable. Differences in the tests
that fall into the unfavorable category require additional

. Samplin Samplin : ALDOT Testin; Contractor Testin,
Sample S pung plng t { 8 g
Control Parameter ample S1ze Methods Location Testing Methods Frequency Frequency
Asphalt content . AASHTOT168 & Loadedtruck BMTP-354 or 1 perlot 1 per set of Marshall
BMTP-210 AASHTO TP53 samples
Maximum specific . AASHTO T168 & Loadedtruck AASHTO T209 (a) 1 perlot 1 per set of Marshall
gravity BMTP-210 samples
Air void content & . AASHTO T168 & Loadedtruck BMTP-353 & 307 1 per lot 1 per set of Marshall
VMA and Mar- BMTP-210 samples
shall stability and BMTP 307 As needed Marshall stability and
flow flow-1 test per pro-
duction lot
Retained tensile 251b AASHTOTI168 & Loadedtruck BMTP-361 1setof 6 foreach 1 set of 6 for each
strength (12kg) BMTP-210 test strip(s) and 1 test strip(s) and 1 set
set of 6 for the of 6 for the next
next 10,000 tons 10,000 tons thereaf-
thereafter 1 set of ter 1 set of 6 for each
6 for each addi- additional 20,000
tional 20,000 tons  tons or portion
or portion thereof thereof
Mixture gradation . AASHTO T168 & Loadedtruck BMTP-371 1 per lot 1 per set of Marshall
& dust to asphalt BMTP-210 samples
ratio
Mat compaction BMTP-210 Roadway BMTP-222 & 350 1/2,000 lane 1/1,000 lane feet/lift
AASHTO T166 feet/lift 1/10,000 lane feet/lift
Stockpile gradation AASHTOT2 AASHTO T2 Stockpile AASHTOTII1 & 1/1,000 tons/aggregate
T27 size

BMTP-319 & 258

*See BMTP-370 for sample size and other requirements.



TABLE 7

BITUMINOUS CONCRETE TOLERANCES [from
Connecticut 4.06.03 1(b) Cessation of Supply]

Criteria Tolerance + %
#200
#50
#30

#8

#4
3/8” and greater
Bitumen

(=
_-hOO\lO\UI-hN

TABLE 8

TEST TOLERANCES EXTRACTED FROM MISSISSIPPI DOT
TMD-06-01-00-000M

Maximum Variation

Hot Asphalt Paving Mixtures fgr Favor'*ablc

omparison
(%)

Asphalt content by extraction 0.60

Asphalt cement content by nuclear method 0.30

Maximum specific gravity 0.051

Gradation of extracted mineral aggregates

(depends on sieve) 2-5

testing or an administrative ruling to determine which tests
will be used. Mississippi’s allowable split sample differences
between the contractor’s and the DOT’s split sample test re-
sults for mixture quality are provided as Table 8.

CERTIFICATIONS

What types of materials and equipment are currently ac-
cepted by certifications?

Certifications are a written statement from the supplier
that the materials will meet the required specifications. Cer-
tificates can be used for manufacturers, fabricators, commer-
cial laboratories, mill test reports, warranties, guarantees,
nursery inspections, and others. Certifications are the respon-
sibility of the contractor, who obtains them from the suppliers
and provides them to the DOT. Variations or degrees of certifi-
cation can also be defined.

In Michigan, a Type “A” certification includes a laboratory
test report for samples of the lots represented by the certifica-
tion; a list of all applicable specifications that the material is
certified to meet; and a notarized statement. The notarized
statement, signed by a responsible representative of the sup-
plier, certifies that the material represented meets all the listed
specifications. Examples of materials requiring an “A” certifi-
cate include tubing and steel railings, anchor bolts, geotextiles
for drainage systems, and extruded aluminum sections. A Type
“C” certification is simply a notarized statement, prepared by
the manufacturer, certifying that the material in the shipment
conforms to the same formula or is essentially the same as
material previously approved by the department. Hybrid forms
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of certification are used when two approved products are in-
corporated into a single fabricated item. Other DOTs have
similar arrangements for types of certifications.

In most cases materials accepted by certification can be
sampled and tested on a random basis for the purpose of veri-
fying the certification. Administrative procedures can be used
to revoke certification if the materials are found to be defective
in some manner. Lists of materials eligible for acceptance by
certification are extensive. Appendix F contains a representa-
tive sample listing of materials approved by certification.

What advantages or disadvantages has the certification
process provided?

The responses to the question on advantages of certification
were quite varied, although most responses were related to re-
duced testing, cost, and personnel. The primary justification
for using certifications was economy of time and cost. Given
the reductions in staff that have occurred in recent years, certi-
fications may be of greater importance. The following advan-
tages for certification were listed in the survey responses. The
numbers in parentheses indicate the number of responses for
that specific comment.

Advantages of Certification

Certifications require less in-house testing (10)
Certifications reduce costs (6)

Fewer personnel are required for the project (4)

They expedite acceptance procedures (3)

Certifications require less inspection (3)

A certification can require tests our lab cannot perform (2)
It places specification responsibility for compliance on
the manufacturer or supplier (2)

¢ The contractor does not have to wait for state to test be-
fore using materials (2)

¢ Certification reduces duplication of (testing) effort and
reduces paper work (1)

o Certification allows the DOT to accept materials that
historically meet specifications, and focus testing on materials
with a lot of variability (1)

¢ Certifications are easy to accept (1)

» They avoid project and payment delay (1).

Disadvantages of the certification process were more varied
than the advantages. Major concerns focus on installation of
substandard materials, manufacturer falsification of confor-
mance to specifications, and lack of supplier quality control.
The disadvantages reported are as follows:

o It is possible that nonconforming materials are included’
in the work because of certifications. Failures of certified ma-
terials that have been used on many projects will have a wide-
spread impact (5).

¢ Certifications are accepted at face value, relying on the
good faith of the supplier. Success depends on the suppliers’
approach to quality, lack of supplier quality assurance (4).
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e A manufacturer will certify anything and many do not
know the specification requirements. They rubber-stamp test
results (4).

* DOT is not prepared to decertify when necessary or they
do not have a decertification process (2).

o Certification has created more paperwork (2).

e DOT needs a good QA program to monitor materials, so
you know you are getting what you paid for. There is uncer-
tainty of certified products actually meeting specification (2).

¢ It is difficult to detect noncompliance, and sometimes the
product’s point of origin is difficult to determine (2).

e Lack of control of quality for certified materials (2).

e Certification may eliminate some competition, if small
companies do not supply certification tests due to cost (1).

¢ Additional monitoring personnel required for certifica-
tion (1).

¢ Certification leads to higher frequency of unacceptable
materials (1).

It would appear from the list that the major drawback to the
certification process is that, other than the certification pro-
vided, little is known about the product. The disadvantages
clearly point to the importance of performing the random
supplier checks and tests. One group of comments relates to
the potential for problems when suppliers certify materials not
actually meeting the specification. It is apparent that problems
may occur if a DOT does not adequately audit certified sup-
plier facilities and their quality programs.

What criteria are used to evaluate suppliers or vendors
who wish to become certified suppliers or provide a certi-
fied material?

The DOTSs use a wide range of procedures to evaluate po-
tential vendors or suppliers of certified materials. Inspection
and testing, combined with an on-site inspection, would make the
system an ideal auditing process. However, resources are unavail-
able to perform complete audits of every supplier. Each of the
criteria below contributes to an audit process. The number of re-
spondents using a specific procedure is shown in parentheses.

o Inspection and testing by the DOT (7)

¢ Evaluate vendor QC capability including equipment and
personnel (4)

¢ Compile a product history for consistency in quality (4)

¢ Conduct on-site inspections or plant visits (2)
Examine and require product literature (2)
Require certified test results (2)
Conduct a panel product review and experimental trial (1)
Obtain information from other DOTSs (1).

How often are on-site inspections of certified suppliers
conducted?

While two respondents for evaluation of a potential supplier
used only the results of on-site inspections, once approved, the

use of on-site inspection increases significantly. Twenty-six re-
spondents visited suppliers on a set frequency or determined
the visitation requirements on the basis of the type of prod-
uct. One respondent indicated they only visited problem ven-
dors. Two DOTs had no guidelines, and only one DOT said
they did not perform site visitation. The remaining eleven DOTS in
the survey did not provide a response to this question.

Who performs the on-site inspection and testing of certi-
fied suppliers?

Responses to this query were consistent with regard to the
on-site inspections being carried out by DOT personnel. The
specific titles seemed to vary slightly, but personnel perform-
ing the inspections were from the DOT’s central laboratory
materials division.

QUALIFIED PRODUCTS
Do you use qualified products lists?

Unlike certifications, qualified products are those listed
specifically by brand name or supplier. The vast majority of
the DOTs (34) use qualified or approved product lists. In most
cases, the listing implies that the materials can be used with-
out certification, since they have been tested or accepted for
use by the DOT using national or state standard procedures. A
sample page from Utah’s 30-page qualified products list is
provided in Appendix F.

Unlike qualified products that have gained acceptance
through DOT testing, new products can be evaluated by the
Highway Innovative Technology Center (HTEC). HITEC is a
collaborative joint venture between the Civil Engineering Re-
search Foundation and FHWA, among others, to evaluate new
highway construction products for which standards, tests, or
specifications do not exist. HITEC does not generate product
specifications. They only publish the results of their testing.
Examples of products under evaluation are a gyratory testing
machine for asphalt, a water-cement gauge for concrete and
new pavement joint dowel bars. In addition to paving materi-
als, HITEC tests materials and systems for bridges, mainte-
nance, and traffic engineering.

Do you use data from the National Transportation Product
Evaluation Program (NTPEP) to aid in the determination of
placing materials on the qualified product list?

The National Transportation Product Evaluation Program
was established by AASHTO in 1994. The program is a pooled
resource effort to test materials of common interest among
many DOTs. Various manufacturer’s products of one type
are tested thoroughly by one or two DOTs. The concept of the
program is that it will reduce the number of redundant tests
performed by each DOT developing their own qualified



product list. Unlike HITEC, NTPEP only tests those products
that have appropriate AASHTO test protocols and associated
standards.

Evaluation results are available for pavement marking ma-
terials, plastic drums and flexible delineators, sign sheeting
materials, raised pavement markers, and temporary raised
pavement markers. Structural steel coatings, joint sealers, and
geotextile recommendations are in progress. New panels are
being established for changeable message sign and arrow
boards, graffiti protection and removal, rapid-setting concrete
patch material, and erosion control products. As with HITEC,
NTPEP does not accept or reject materials. They provide test
or evaluation results to participating departments who can
make their own judgment based on the data or perform com-
parison tests. Twenty-three agencies in the survey reported
using NTPEP results, 14 were not using NTPEP, three had no
response, and one did not know about the program.

TECHNOLOGY CHANGE

What new inspection, testing equipment, or technology
have you adopted in the last five years?

The survey sample reflected the impact of the SHRP
Superpave program and related implementation -efforts.
Twenty-three DOTSs reported that they were evaluating some
element of the SHRP research results. Four DOTs indicated
they were investigating the use of profilometers. Four DOTs
were evaluating their QC/QA programs for various types of
materials. Some of the more unique technologies being con-
sidered are a computerized optical comparator for sieve
analysis review and a particle size analyzer for soils and ce-
ments (Minnesota), an impact echo device for bridge deck
delaminations (Rhode Island), and a laser profiler pipe in-
spection camera (Georgia). The level of activity suggests that
many new technologies will be adopted or introduced in the
near future.

How did you implement the change in technology? Do you
have a plan in place to implement changes in FHWA or
state regulations?

The primary model for change implementation was to
simply change the specifications (12 responses) with seven
states responding that this is only done after field or laboratory
studies. Phased implementation and contractor user group re-
views were also reported by several DOTs. The Nebraska
DOT has a process plan to implement QC/QA over a 5-year
time period. A ‘Joint Specifications’ committee comprising
DOT personnel and contractor representatives was used in
West Virginia and Texas. Their specification development is
followed by field trials prior to implementation into the per-
manent specifications. Joint development of specifications en-
sures the contractors have an opportunity to evaluate and
comment on the impact the revision will have on operations. A
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few states reported not having a planned method of implemen-
tation for new technologies.

What motivated the changes?

The range of response to the driving forces of technology
change was as diverse as could be expected. Primary causes
for change were improved quality (in materials or methods),
new technology requirements, changes due to regulation, and
more efficient use of resources. Improved quality through im-
plementation of new inspection methods, materials, products,
and technology were predominate responses. Reduced costs
and better use of manpower from new technology was noted
by several states.

Do you have a process by which you verify that personnel
using new test equipment or technology have been prop-
erly trained in its use?

Technology changes do not occur in a vacuum. New test
procedures, equipment, and protocols require training and
education. Thirty-three respondents indicated they had a proc-
€ss to verify personnel capability to use test equipment. West
Virginia, for example, has a certification-testing program for
field use that includes a practical examination and split sam-
ples with statistically evaluated independent tests. For labora-
tories, West Virginia relies on continuous on-the-job training
and periodic inspections by CCRL and AMRL. Rhode Island
uses an Independent Assurance Testing Unit for field-testing
and Proficiency Testing for laboratory personnel to determine
when they are properly trained in the use of testing equipment.
The responses indicate a fairly high degree of required ability
to perform tests either through direct observation of the test
procedure or through a comparison test result procedure. The
responses to the question were categorized as follows (number
of respondents provided in parentheses):

o Observed test performance (20)

» Split sample comparisons (15)

¢ Proficiency samples (7)

¢ Round-robin sampling (6)

¢ Training programs (6)

¢ Testing certification program (4)

¢ AMRL and/or CCRL (5)

¢ Only for AASHTO-accredited test method (1).

SUMMARY OF MANAGEMENT OF
TECHNOLOGY CHANGES

The management of the materials and construction accep-
tance process is influenced by changes in technology as well
as technology management requirements. AASHTO accredi-
tation is likely to be the most recent management change in-
fluencing the acceptance process. Most DOTs have achieved
AAP accreditation requirements.
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Tables or charts for determining the appropriate frequency of
sampling and testing have been developed within many DOT or-
ganizations. Current research is investigating the level of testing
needed for asphaltic concrete overlays by the DOT and contractor.

Risk or value assessments are not commonly performed for
the materials and construction tests used for quality assurance.
For situations in which test comparisons differ, dispute reso-
lution mechanisms were commonly found.

Increasing use of certifications, qualified product lists, and
product evaluations by NTPEP and similar organizations will
reduce the DOT’s need to maintain personnel and equipment
to perform a wide range of testing. DOTs are introducing a
variety of new equipment and technologies into their QA pro-
grams. To qualify personnel on new test systems, DOTSs are
using more proficiency tests with observers, split sample test
result comparisons, or proficiency sampling.
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MANAGEMENT AND PERSONNEL ISSUES

This chapter focuses on the issues affecting DOTs in their
management of personnel for quality assurance and testing.
Training requirements and projected workforce trends are im-
portant issues confronting DOTs, particularly with rapid
changes in technology, personnel qualifications, and reduc-
tions in staff.

ACCEPTANCE PROGRAMS

Have you used contractor test results in your construction
and materials acceptance program?

Twenty-six respondents indicated they had experiences
with contractor test results in the materials acceptance pro-
gram. From the comments provided, 12 reported good or satis-
factory results, four indicated they had mixed (good and poor)
results. The remaining responses indicated that the respon-
dents were in the pilot test phase and results were not avail-
able yet or that implementation would begin in the 1997 con-
struction season.

Georgia reported mixed results from contractor testing. The
DOT experienced good quality with asphaltic concrete and
very poor quality with subgrade materials. Nebraska, Arkan-
sas, and Michigan reported satisfactory experiences with con-
tractor testing for asphaltic concretes. The Arizona DOT is ex-
perimenting with the use of contractor testing for acceptance
purposes as outlined in 23 CFR 637. Arizona DOT reported
that the qualification program has assisted in assuring reliable
testing within established allowable verification tolerances.

Advantages reported for including contractor test results
in acceptance inctuded the following (number of responses in
parentheses):

Places more responsibility/accountability on contractor (9)
Fewer DOT personnel needed for projects (4)
Requires less agency testing (2)
DOT is able to test or have more observation time avail-
able for other items. The contractor is like an extension of
DOT workforce (2).

o Contractor performing tests results in fewer (or helps re-
duce) disputes (2).

e o o o

Disadvantages reported for using contractor tests in accep-
tance decisions were (each response one time only):

The contractor test results may be slanted.

It is difficult to detect falsified data.

Cannot verify results after they are covered up.
There is a lack of qualified contractor personnel.

¢ Process control by contractors results in “knee jerk™ so-
lutions to problems instead of evaluating problems using trend
analysis.

» Although the contractor is doing the testing, the DOT
must remind the contractor [about test requirements] in all
phases of testing.

o Contractor test results are not available in a timely manner.

Suspicions about contractor test results, falsified data, and
use of loopholes indicate that contract relations may need to be
carefully considered when accepting contractor test data. Dis-
trust of the results, on either side, will generate disputes
throughout the process. The comments regarding contractor
knowledge and qualifications suggest that there is a need to
develop better quality management plan requirements and per-
sonnel qualifications. Alternatively, when contractors do not
have the necessary expertise, qualified firms can be hired to
perform the testing and inspection.

Have you used consultants in your construction and mate-
rials acceptance program?

Twenty-one responses indicated they had used consultants
for construction and materials acceptance. Two DOTs indi-
cated that consultants were only used when the consultant was
hired by a contractor. The consultants provided quality control
testing for the contractor, and not quality assurance testing for
the DOT. The main advantage of using consultants was as an
extension to DOT staff. Although many respondents reported
that consultants were generally acceptable, they noted several
problems with the testing accuracy and timeliness of results.
None of the problems with consultants was noted with any
significant frequency. Key disadvantages cited were consultant
testing inaccuracy, lack of timeliness, poor decisionmaking,
inadequate training, and the consultant personnel turnover.

Are you participating in any multi-agency agreements for
construction or materials acceptance?

Seventeen DOTs responded that they were using multi-
agency agreements. Inspection of coatings or painting and
fabrication were the most commonly cited areas where multi-
agency agreements were in force. For example, Arkansas re-
ported that Texas and Oklahoma provide inspection of coating
procedures at plants in their states that produce epoxy-coated
reinforcing steel for Arkansas DOT projects. New England
states have adopted a common paint specification. Other DOTs
responded that they are considering similar arrangements.
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Do you participate in any user [producer] groups or similar
arrangements to find common solutions to quality problems?

Many respondents (35) indicated they participated in some
form of user-producer groups or councils. Asphalt paving and
aggregate production were the most commonly mentioned ar-
eas where these groups were organized. The advantages of
forming user groups were varied but generally fell into three
categories: communication, technical, and economic.

Communication/Education:

¢ DOT can learn what works or does not work in other states.

e User groups help with improving technology transfer.

e User groups facilitate communication and understanding
among all participants.

e The groups help improve the quality of education and
training.

Technical:

e All areas of specifications are reviewed.

¢ More uniform implementation for materials and issues
that cross state boundaries.

¢ User groups provide a check on the inspection process.

¢ They can keep specifications compatible with industry
methods and equipment.

Economic:

¢ The group can share resources and expertise.
e The resulting specifications satisfy a larger number of
companies and DOTSs.

The disadvantages of user groups were very limited. One
respondent was concerned that producer representatives in
such groups had a hidden agenda for their particular constitu-
ency. Otherwise, time for and focus of the groups were prob-
lems cited.

PERSONNEL QUALIFICATIONS

What specific education, training, and certification re-
quirements do you require for personnel involved in mate-
rials and construction acceptance procedures?

The largest group of respondents to this question (15) indi-
cated that they were self-certifying. The methods of self-
certification usually included custom training and examination
requirements. Some self-certifying DOTs referenced training
programs to prepare technicians for NICET examination. Four
states clearly indicated NICET certifications were needed as a
credential for technicians. Five other responses provided
combined qualification requirements.

Arkansas is an example of a self-certifying program. The
technician qualification program includes four areas: basic
aggregates, soils/earthwork, asphalt plant and field testing,
and portland cement concrete testing. Every technician must

complete the aggregates qualification requirements before they
can be qualified to take other subjects. Each area of qualifica-
tion has a demonstrated laboratory proficiency requirement
and a written test. Technicians are permitted to refer to test
method standards during the proficiency examination portion
of the qualification. The self-certifying process is an interim
program pending development of a formal certification pro-
gram at the University of Arkansas. Once the university pro-
gram is started, everyone certified by the existing procedures
will retest for qualification under the new program.

The Arkansas aggregates program covers sampling of ag-
gregates, reducing field sample sizes, moisture content, parti-
cle size determination, decantation, specific gravity analysis,
and deleterious material. The soils program includes sam-
pling, dry soil preparation, particle size determination, mois-
ture content, Atterberg limits, Proctor tests, coarse particle
determination, and in-place moisture and density determina-
tion. Asphalt plant technicians must cover sampling, asphalt
content by nuclear gauge, aggregate wash method, Rice theo-
retical specific gravity, bulk specific gravity, nuclear density
requirements, Marshall method, moisture sensitivity, and
moisture content. The portland cement concrete qualifications
include sampling freshly mixed concrete, making and curing
cylinders, and measuring slump, air content, and unit weight
of freshly mixed concrete.

What agencies provide qualification testing or certification
that is acceptable for qualifying your technicians or engineers?

The responses to this question identified primary training
qualification requirements specified for DOT personnel and
contractor personnel. A variety of national, regional, and local
programs were identified. The American Concrete Institute
(ACI), NICET and professional engineering registrations are
all national programs that are frequently specified. Regional
training organizations are the next category of responses. For
example,” the New England states recently formed a joint
training and certification program. Pennsylvania, along with
other states in the Northeast have a single training source for
all bituminous materials. Sources of qualification testing or
certification noted by the respondents are listed below. The
listing is divided into national and regional/local.

National Programs:

AASHTO Materials Reference Laboratory

American Concrete Institute

American Institute of Steel Construction

American Welding Society

National Asphalt Paving Association

National Institute for Certification in Engineering
Technologies

Prestress/Precast Concrete Institute.

Regional/Local Programs:

In-house course development
Local community college programs



New England Technician Training Certification
Program (NETTCP)

North East Center for Pavement Technology
(PA Bituminous only)

State boards of registration for professional engineers.

FORECASTING PERSONNEL NEEDS

Continuous reduction in staff size, retirements, transfers,
and many other factors influence the level of expertise avail-
able within DOTs for managing and staffing a materials and
construction acceptance process. Expertise needs in specific
materials testing and inspection areas must be forecast prior to
construction seasons. Where expertise is lacking, consulting
firms and testing laboratories may be hired as an extension of
the DOT’s capability.

Do you anticipate a future loss of technical and engineer-
ing expertise to support the quality assurance and accep-
tance function? In what areas?

Personnel losses have been a major factor in the changes
influencing the materials and construction acceptance process.
Twenty-two DOTs reported that loss of expertise would con-
tinue. The responses were evenly divided regarding where that
expertise would be lost. Several believed that their loss would
be in field personnel and others projected the loss of special-
ists in asphaltic concrete or prestressed concrete. Fourteen re-
spondents did not think there would be loss of expertise. Five
did not provide a response to the question.

Do you employ manpower management systems to iden-
tify possible future shortages or excesses in expertise or
skills?

Georgia, New Jersey, Iowa, and Arkansas were the only
DOTSs reporting systems to forecast manpower needs. North
Dakota and Maine are in progress with systems or strategic
plans to identify shortages. No indication was provided re-
garding how these programs were implemented.

New Jersey, for example, conducts a tri-annual projection
of staffing needs. The projection is based on active and newly
awarded construction during that period, advertising schedules
for upcoming work, and proposed construction programs.
Additional information is obtained from DOT divisions to
support the process. The report details recommended hiring
requirements to meet the projected work requirements. The
factors considered in the analysis were: restructuring of the
Bureau of Materials, contractors performing more asphalt
coring, replacements for promotions, and temporary reassign-
ments. Requirements for personnel are based on projections of
work effort required for testing, inspection, independent assur-
ance processes, and staff requirements. The tri-annual evaluation
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is a moving benchmark of projected personnel requirements,
enabling the DOT to respond to future needs.

Has your agency drafted a strategy to accommodate
changes in staffing expertise?

Alaska, Arkansas, Indiana, Maryland, Wisconsin, and
New Jersey responded that they have a strategy in place. Ar-
kansas uses a model crew that is reviewed by a standing
committee. Total quality management teams are also used to
review staffing changes. Indiana is reviewing what the process
will be like in the future when more process control is turned
over to the contractor. Maryland is in the implementation
process, and Wisconsin is adopting a personnel management
plan. Alaska has not implemented its plan. New Jersey priori-
tizes inspection activities, and as downsizing reduces avail-
able inspection staff, lower priority inspections can be changed
to certification acceptance with random inspections.

SUMMARY OF MANAGEMENT AND
PERSONNEL ISSUES

Management of personnel issues included a variety of
subjects. Acceptance programs included discussion of the ac-
ceptance of contractor test results, multi-agency agreements,
and user-producer groups, which were considered from their
staffing requirements. Personnel issues were examined relative
to training and certification, anticipated loss of personnel ex-
pertise, and manpower forecasting for staffing requirements.

There was generally positive support for the use of contrac-
tor testing from the DOTs. The key advantage reported for contrac-
tor testing was that it placed more responsibility (accountability
for the results) on the contractor. Some suspicions were ex-
pressed that focused on how trustworthy contractors will be in
providing data to the DOT, although audits, assurance tests,
and other resolution methods are available to limit risk.

New and experienced technicians will need to be trained in
the latest technologies. Multiple sources of technology training
were identified, and several DOTs have responded with local
training programs to support national efforts. Multi-agency
agreements can help provide regional training. This is a valu-
able way for DOTs to accomplish their training goals within
existing resource constraints. Joint training efforts share re-
sources to develop skilled technicians using the latest technol-
ogy. Use of national or regional qualification examinations for
technicians also reduces the need for one DOT to develop a
customized personnel evaluation program.

Only four DOTs have personnel tracking or forecasting
systems that would enable them to predict future needs. No
significant change in forecasting has occurred in the past dec-
ade. Six DOTs have strategies to address changing staff ex-
pertise. A gap appears to exist in the planning process, given
the rather strong evidence that personnel levels are being re-
duced. Working with reduced staff emphasizes the importance
of ensuring that DOTs can meet personnel needs.
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CHAPTER SIX

CONCLUSIONS

The purpose of this synthesis was to examine the literature
and current practices related to the management of materials
and construction acceptance processes. The wide range of
topics covered by this broad scope posed many challenges.
Perhaps the most difficult aspect of the synthesis was trying to
identify consistent patterns among the DOT practices. Because
there were many variations in practices reported for each topic,
developing clear patterns or trends was not achieved in many
cases. The major factors influencing the management practices
were revisions to the FHWA quality assurance regulation, the
continued reduction in qualified personnel, and the increasing
number of new tests and materials.

The change in the FHWA quality assurance procedures for
all Pederal-aid highway projects on the National Highway
System requires all DOT laboratories to be certified through
the AASHTO Accreditation Program. The required qualifica-
tion impacts laboratory procedures as well as laboratory per-
sonnel qualifications. Another influence of this regulation is
that it permits DOTS to use contractor test results in the accep-
tance process. This adds new sampling and testing require-
ments for contractors and new acceptance concerns for
DOTs that adopt this portion of the regulation. The added
oversight responsibilities for the DOT should not be ig-
nored, although contractors performing tests may signifi-
cantly reduce direct sampling and testing requirements for the
DOT staff. It should be noted that the number of tests con-
ducted for quality control and acceptance will remain the same
or may increase slightly. The new regulation establishes man-
datory laboratory certifications and personnel requirements,
and outlines the basic quality assurance program for the
state DOTSs. Nearly all DOT central laboratories have achieved
accreditation.

The introduction of new materials, test equipment, and
testing protocols has increased the demand for qualified in-
spectors and laboratory technicians. To reduce the amount of
direct DOT testing required for new material acceptance,
HITEC, NTPEP, and various other programs are providing
preliminary test data on new materials and technology. While
these cooperative ventures reduce the need for all DOTSs to run
duplicate tests for highway material applications, the ultimate
decision to use or implement the technology resides with the
DOT. It is not known if they will implement new materials
and technology without further testing.

The reduction in the number of personnel available for
performing materials and construction acceptance is not a re-
cent development. Moreover, many DOTSs expect that the gen-
eral decline in staffing levels will continue in the future. Con-
struction activity in many DOT jurisdictions has not declined
proportional to staffing changes. In some instances, construc-
tion activity has increased significantly. Increased cooperative
training efforts between DOTSs, contractors, and suppliers will

provide the needed qualifications, provided the personnel can
be identified and employed.

The current challenge facing DOT materials and construc-
tion administration is to achieve a balance among these fac-
tors. The current management techniques and factors influenc-
ing testing and acceptance of materials have been considered.
The following conclusions are drawn from the literature, ma-
terials submitted by DOTS, statements of current practice pro-
vided by DOTSs, and follow-up interviews for specific infor-
mation. They are formulated on the basis of their potential for
aiding contractors and DOTs in the materials and construction
acceptance process.

o Warranties—Warranty projects change the fundamental
concept of traditional materials and construction acceptance
processes. Extended, S-year or longer, warranties have been
tried on a limited basis for pavement materials by a few DOTSs.
Many other DOTs are watching the results and, if favorable,
will likely implement their own warranty construction proj-
ects. Pavement performance characteristics, as defined in the
current warranties, are the critical elements in formulation of
the warranty. Experiences gained in these early efforts need to
be documented. Gradual expansion of warranty coverage, to
include other elements of construction and longer warranty
terms are logical directions to follow. From the materials and
construction acceptance management perspective, warranties
require the least amount of initial inspection and testing.
Time-based inspection, during the warranty period, invokes a
new type of inspection, based on aging and condition. These
inspections can be integrated with other pavement condition
surveys. Thus, pavement condition surveys would need to in-
clude testing requirements in addition to general observation
surveys.

¢ Certifications—Material certifications, although widely
used, are not all the same. Independent laboratory tests are re-
quired for some material certifications, while other certifica-
tions are merely letters verifying conformance to specification
requirements. Improvements in certification audits and in-
creased on-site inspection frequency could help reduce the
concerns expressed regarding the potential for acceptance of
nonconforming materials with certification. More consistency
is needed in the specification of certifications. The audit proc-
ess and testing requirements for materials should be identified.
Without increased uniformity in certification requirements, the
doubts about their effectiveness in providing quality assurance
will remain.

¢ Product Test Lists—Cooperative testing programs such
as HITEC and NTPEP are able to perform baseline testing for
the introduction of new materials. HITEC specializes in mate-
rials that currently have no established standards or test pro-
cedures. NTPEP specializes in testing materials that have



established standards or related AASHTO testing protocols.
DOTs can use the national level testing reports from these
laboratories as an extension of their testing capabilities. How-
ever, in many cases additional testing will be considered nec-
essary due to local conditions.

o Defining Quality Qualifications—Maintaining quality
of construction with reduced capability to oversee and assure
work content is a major DOT challenge. More than ever, the
quality of the final project is dependent on three separate con-
tributors. The DOT provides oversight and usually the specifi-
cations. In many DOTs, consultant designs are used and qual-
ity of design becomes an issue. Finally, the contractor is
considered the party responsible for providing quality control
and, in limited applications, they will need to provide warran-
ties for their work.

Quality criteria should be satisfied by products submitted
by consulting engineers, as demonstrated by the New Jersey
DOT. This begins to move traditional quality processes toward
the concept of total quality assurance.

In addition, rather than considering contractors qualified on
the basis of years of experience and financial capability, quali-
fication should be extended to an evaluation of contractor per-
sonnel qualifications and product delivered. The increased
administrative demands created by each revision need to be
valued against the improvements in quality.

e Personnel Forecasts—DOTs are continuously adjusting
to changes in staffing requirements, acceptance criteria, accep-
tance procedures, and reporting requirements. The use of con-
tractors and consultants to extend staff capabilities, accom-
plishes required testing and inspection, but the practice also
generates additional DOT administrative burden during peak
periods. Survey responses suggest that the staff reductions
should be expected to continue. However, few states are re-
sponding to the changing workload requirements with a com-
prehensive approach to forecasting their personnel needs.
Systems that provide personnel management plans that are
related to changes in technology and administration require-
ments are needed.

o Training—Personnel training requirements for DOT and
contractor personnel are predominately defined in terms of
NICET examination qualifications, and in combination with
local certification requirements.

Given the trends identified, there are some gaps in the
management of materials and construction acceptance that
would benefit from further research or investigation. Assum-
ing that DOT personnel levels will not increase, methods that
continue to assure quality while they require reduced levels of
inspection and decreased testing by the DOT personnel are
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expected to dominate new developments related to materials
and construction acceptance.

o The increased use of warranties on pavements and other
elements of construction can be anticipated since little or no
inspection and testing are conducted. However, in-depth re-
search and cost-benefit of warranties have not received much
focus nationally. Consensus or other rationalization has estab-
lished 5-year warranties, like the 5 percent incentive payments
in specifications. This parameter and others could benefit from
additional research. Tests to be employed for warranty inspec-
tions. the frequency of inspections, distribution of measure-
ment criteria, and other features of warranties also need closer
examination. If other elements of construction are to be in-
cluded in warranty work, appropriate parameters and meas-
urements will need to be defined for these products.

o Certifications, like warranties, have universal recogni-
tion with regard to their defined purpose. However, the certifi-
cations themselves are not universal in what they actually rep-
resent. A regional or national evaluation on the validity of
certifications, and the potential for introduction of noncomply-
ing materials, could be examined. Graded levels of certifica-
tion would more clearly define the level of assurance necessary
for each material. Minimum guidelines could be established
for certifications. A certification level, granted by one DOT,
should be acceptable by others. The requirements could be
extended to evaluation of certification procedures on a regional
basis using cooperative agreements and similar concepts.

» Management of the total acceptance process will include
quality-based qualification for designers, testing and inspec-
tion consultants, and contractors. No longer should services be
provided by firms unable to meet acceptable quality levels.
Many DOTSs require specific qualifications for consultant em-
ployees providing inspection and testing services, however the
qualification requirements for design deliverables are not well
detailed nor are design firm quality control plans. Contractor
quality control plans have been specified for some time but the
evaluation of contractor quality, as part of the bid qualification
process, had not been explored in depth. A national quality
certification or regional quality certifications for design and
construction could be developed following trends in general
manufacturing.

The management of materials and construction acceptance
processes will always be a delicate balance of technology,
regulatory influences, and contract delivery processes. Many
individual issues could have been identified for future research
or investigation. Only the larger scope problems have been
presented, in keeping with the broad nature of this synthesis.
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APPENDIX A

23 CFR 637

Federal Register: June 29, 1995 (Volume 60, Number 125, 33712).

Section: Rules and Regulations

Agency: FEDERAL HIGHWAY ADMINISTRATION
Title: Quality Assurance Procedures for Construction
Action: Final rule.

FEDERAL HIGHWAY ADMINISTRATION
DEPARTMENT OF TRANSPORTATION
23 CFR Part 637

[FHW A Docket No. 94-13]

RIN 2125-AD35

Quality Assurance Procedures for Construction

SUMMARY: The FHWA is revising its regulations that establish general requirements for quality assurance procedures for construction on Fed-
eral-aid highway projects. The rule provides more flexibility than the existing regulation. The mule allows the use of contractor test results in mak-
ing the acceptance decision and allows the use of consultants in the independent assurance program and verification sampling and testing. The
regulation requires testers and laboratories to be qualified. However, it gives the States the flexibility to establish those qualifications. The revisions
will clarify existing policy and procedures and provide additional guidance on the use of contractor-supplied test results in acceptance plans.

EFFECTIVE DATE: July 31, 1995.

FOR FURTHER INFORMATION CONTACT: Mr. Michael Rafalowski, Office of Enginecring, HNG-23, 202-366-1571; or Mr. Wilbert Baccus,
Office of the Chief Counsel, HCC-32, 202-366-0780; Federal Highway Administration, 400 Seventh Street, SW., Washington, DC 20590. Office
hours are 7:45 a.m. to 4:15 p.m., e.t., Monday Through Friday, except Federal holidays.

SUPPLEMENTARY INFORMATION:
Background

The current regulations on sampling and testing of materials and construction appear in 23 CFR Part 637, Construction Inspection and Approval.
These regulations were last revised in January 1987. The regulations were written using the concept of the State performing all the sampling and
testing, which had been the traditional approach to sampling and testing. The regulations do not address the use of contractor testing.

As a result, a number of questions arose in those States which were using contractor testing in their quality control/ quality assurance (QC/QA)
programs.

The existing regulations do not recognize the use of contractor testing results in an acceptance program. An acceptance program is the process of
determining whether the materials and workmanship are in reasonably close conformity with the requirements of the approved plans and specifi-
cations. In 1992, the FHWA studied the ramifications of using contractor-performed sampling and testing results. The results of its study are re-
ported in “Limits of Use of Contractor Performed Sampling and Testing,” dated July 1, 1993. (A copy of the report is available in the docket for
inspection and copying.) One of the report’s recommendations was that contractor sampling and testing may be used in acceptance programs,
provided adequate checks and balances are in place to protect the public investment. The revisions to part 637 made in this final rule would im-
plement the committee’s recommendation.

This final rule provides more flexibility to the States in designing their acceptance programs than currently exists. Acceptance of materials and
construction will not be based solely on any one set of information. Each State’s verification sampling and testing will be used to ensure the quality
of the product. In addition, the rule will permit the use of data from the contractors’ quality control sampling and testing programs in acceptance
programs if the results from the States’ verification sampling and testing programs confirm the quality of the material. The verification sampling
and testing must be performed on independent samples obtained by the State or designated agent to verify the quality of the material. If the results
of a State’s verification sampling and testing program do not confirm the quality of the product, a dispute resolution system must be used to de-
termine payment to the contractor.

The requirement for an independent assurance (IA) program will remain in place. The rule will provide the States more flexibility in designing
their IA program. The IA program will allow the use of witnessing, split samples, proficiency samples, and equipment calibration as an independ-
ent check of the field sampling and testing procedures and equipment to assure that the testing is being performed properly by both the State and
the contractor personnel.
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Comments to the Docket

A notice of proposed rulemaking (NPRM) was published in the Federal Register on July 12, 1994 (59 FR 35493), in which the FHWA proposed
to revise 23 CFR Part 637, Construction Inspection and Approval. A total of 50 commenters responded to the NPRM as follows: 35 State highway
agencies, 1 local agency, 1 toll authority, 10 construction industry associations and contractors, and 3 Subcommittees of the American Association
of State Highway and Transportation Officials (AASHTO). The major comments and the FHWA’s response thereto are summarized as follows.

Supportive of Change

Twenty-six commenters expressed their support for the revisions to the regulation. Fifteen commenters provided comments without indicating
support or opposition to the NPRM. The remaining nine commenters were generally opposed to the proposed rule.

Use of Contractor Test Results

Commenters expressed three related concerns over the required system of checks and balances employed when contractor test results are used in
the acceptance decision: (1) Requiring the use of independent samples instead of allowing either independent samples or split samples; (2) requir-
ing the use of the F-test and the t-test (which are standard statistical tests for comparing the variances and means of two sets of data) because of
the complexity of using the statistical tests; and (3) the perceived duplication of effort between the verification sampling and testing and the testing
required by covering the contractor sampling and testing program in the IA program.

The overall intent of the program is to provide adequate assurance that the public is receiving the desired quality in the product produced by the
contractor. The first level of assurance is provided by qualifying laboratories and testing personnel. This assures that the equipment and personnel
are capable of performing the tests properly. The second level of assurance is provided by the IA program. This level assures that the testers and
equipment remain capable of performing the tests properly. The third level of assurance is provided by verification sampling and testing. This level
assures the quality of the product.

There appears to have been some misunderstanding of the total level of effort required. The rule as adopted gives the States wide latitude in de-
signing the acceptance program. The system approach to IA assures the capabilities of all equipment and testers regardless of the number of proj-
ects or material quantities involved. A broad interpretation of the existing regulations would allow the system approach to 1A. However, the final
rule explicitly allows the system approach to IA. In those States that are performing a significant amount of testing on split samples and no testing
on independent samples, testing on split samples would remain as IA sampling and testing; however, some verification testing on independent
samples would be required to confirm the quality of the product. In addition, the verification of the quality of the material can be performed on a
mix design or grading of material from a given source and is not limited to project-specific data.

Eleven commenters expressed concern over requiring the use of independent samples for the verification sampling and testing program. The com-
menters recommended that the use of split samples be permitted for the verification sampling and testing program. The commenters are concerned
about the potential problems that may arise with differences in testing results caused by sampling errors.

There are three sources of differences between two test results, differences in the material, differences in test procedures and differences in sam-
pling procedures. Split samples will only address the differences in test procedures and will only provide assurance that the contractor is perform-
ing the tests properly. In a balanced system it is also necessary to assure that sampling of materials is performed properly. It is our intent that the
verification sampling and testing program be used to independently validate the quality of the material. Using independent samples will insure that
all sources of differences are measured. The FHWA recognizes the need to ensure that each contractor performs the tests correctly; that is the rea-
son for extending laboratory and testing personnel qualification requirements and IA program requirements to the contractor if the contractor’s test
results are to be used in the acceptance decision. The FHWA expects the testing variability between the contractor and the State to be held to a
minimum by requiring the contractor’s testing program to be covered by an IA program and requiring the testing personnel and laboratories to be
qualified. The FHWA has changed the definition of “verification sampling and testing” and Sec. 637.207(a)(1)(ii)(B) to clarify the fact that the
verification sampling and testing program is being used to validate the quality of the material.

FEight commenters objected to requiring the use of the F-test and t-test for verifying a contractor’s test data. The commenters were concerned about
the complexity of the F-test and t-test which would have to be used by field personnel and the lack of flexibility in allowing other comparison sys-
tems. The commenters requested that the regulation be revised to allow other types of comparison systems. The FHWA agrees with the concerns
and has removed the requirement for a specific comparison procedure. Each State will have the latitude to develop its own verification system.

Three commenters—two State Highway Agencies and one local highway agency--objected to including contractors’ testers in States’ LA programs.
The commenters are concerned over the additional resources involved in extending the 1A program to contractor testing.

If a contractor’s test results are to be used in the acceptance decision, assurance must be provided that the contractor’s testers and equipment re-
main capable of performing the tests properly. Some States are currently performing split sampling and testing on project sites to validate the con-
tractor’s test results. This split sampling and testing would meet the requirements for an 1A program on contractor testing. This proposed require-
ment has been retained in the final rule.

Qualified Sampling and Testing Personnel
Four commenters specifically supported the concept of certifying testing personnel. Two commenters wanted to change the term certified person-
nel to qualified personnel. The FHWA agrees with the comments since the goal of the FHWA is to have qualified personnel perform the testing.

The term “certified” was deleted from the definition of qualified testing personnel.

Sixteen commenters expressed concern about the cost, specific requirements, and/or two-year implementation period for establishing qualification
programs for testing personnel. To allow adequate time to develop qualification programs, we have extended the implementation time from two
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years to five years. If a State chooses to use a certification program as its qualification program, the FHWA is developing training material that can
be modified for State use. The FHHW A will also assist the States in adapting the material for their use.

Independent Assurance Program

Thirteen commenters objected to the proposal to remove the requirement that State highway agency (SHA) personnel perform IA testing. The
States wanted to continue to perform IA testing as a means to maintain expertise in the materials sampling and testing area and maintain the
credibility of their materials programs. Since materials sampling and testing are an essential part of determining the quality of the product that is
obtained from the use of Federal-aid funds, the FHW A has an interest in maintaining the States’ expertise and credibility. However, in cases where
States are using contractor test results in acceptance decisions, the FHWA believes it is important that the States have the option of using consult-
ants to perform IA testing. It is important to note that the final rule does not require 2 SHA to use consultants in the IA program, but simply gives
SHAs he option to do so. The FHWA has added Sec. 637.205(b) which requires States to maintain an adequate, qualified staff with the capability
of overseeing the entire quality assurance program and specifically requires the States to maintain a central laboratory. This requirement is consis-
tent with 23 U.S.C. 302 which requires each State to maintain an adequate highway department.

Three commenters requested further clarification on the use of the system approach in performing an IA program. The intent of the system ap-
proach to the IA program is to concentrate on assuring that the testing personnel and equipment remain capable of performing the tests properly,
regardless of the location or number of projects covered by the equipment and tester. The system approach will permit an SHA to fulfill the re-
quirement for an IA program by implementing a schedule of activities to cover equipment operations and tester competence. The activities may in-
clude calibration checks, split samples, proficiency samples, and observations. The schedules and type of activity would be based on the test pro-
cedure. In the system approach, the frequency of 1A may be independent of the number of tests performed or the quantity of material tested. It is
envisioned that the system approach will be especially useful in cases where one tester performs testing for more than one project during a con-
struction season. The previous requirement for IA entailed sampling and testing frequencies based on individual project production. In addition, a
State may choose to use the information developed from the IA program in the qualification programs for testers and laboratories. One commenter
asked if the NPRM would allow a State to use a hybrid approach, which would include some frequencies based on project quantities and frequencies
based on the overall system. This rule as written would allow that approach. It should be noted that the rule does not require a State o use this approach.

One commenter wanted the requirements for the 1A program to be less stringent. The requirements in the final rule for IA have been made less
prescriptive than the current regulations and give a State more latitude in designing its IA system. The existing regulation requires State personnel
to perform the IA sampling and testing. The final rule would allow: (1) The use of accredited consultant laboratories in executing an IA program,
(2) a system approach instead of a project approach, (3) proficiency samples instead of split samples, and (4) equipment calibration to cover the
testing equipment.

Laboratory Qualification
Four commenters supported the proposed requirements for laboratory qualifications.

Fight commenters expressed concerns about the requirements for laboratory qualifications. The NPRM proposed to include by reference two para-
graphs from the “Standard Recommended Practice for Establishing and Implementing a Quality System for Construction Testing Laboratories”
(R-18) published by the AASHTO in the “Standard Specifications for Transportation Materials and Methods of Sampling and Testing.” The
commenters believed that R-18 was not appropriate for field laboratories. It was not the FHWA’s intent that the entire R-18 standard be used for
the qualification of field laboratories. Due to the confusion caused by specifying only a part of R-18, the rule has been revised to specifically list
the minimum requirements for field laboratories and delete the reference to R-18.

Eight commenters wanted clarification of the requirements for accreditation of the SHA central laboratory. It is the intent of the FHWA that the
accreditation program must meet the guidelines in ASTM E- 994. In addition to the guidelines in ASTM E-994, we have two additional concerns:
First, regarding the acceptability of the assessors; and second, concerning the scope of the on-site assessment. For an accreditation program to be
acceptable to the FHWA, the assessor must be employees of the accrediting body and not employed by a laboratory which may compete for work
with the laboratory being assessed. This would avoid any potential conflicts of interest. In addition, the on-site assessment must include a detailed
review of the test procedures in which the laboratory is being accredited. The FHWA believes that only one laboratory accreditation program cur-
rently meets the above concerns, and that is the AASHTO Accreditation Program. As we understand the operating procedures of other accredita-
tion programs, they allow reviewers to be employees of other testing laboratories and do not require the laboratory to demonstrate all the tests in
which the laboratory is being accredited. If other accreditation programs can satisfy our concerns, we will approve them. Any inquiries or requests
for approval should be directed to the FHWA's Office of Engineering.

Six commenters expressed concern about the cost and implementation time necessary for accrediting an SHA central laboratory. The commenters
believe that two years is too short a time in which to become accredited. At this time 30 SHAs are accredited by the AASHTO Accreditation Pro-
gram (AAP). The FHWA contacted the AAP to obtain data on the average length of time required by the AAP to accredit a SHA laboratory after
receipt of an application for accreditation. Based on the information supplied by AAP, the FHWA believes that two years is an adequate lead time
for obtaining accreditation. The requirement for accreditation replaces the inspections by the National Reference Laboratories which are required
by Sec. 637.205 of the current regulation. The actual cost of accreditation to the SHA is the same as the cost of inspection program that it replaces.
However, there will be some costs associated with developing the quality system for the initial accreditation for the SHAs. The rule provides
flexibility to the SHAs to designate private laboratories to perform independent assurance tests and dispute resolution testing. Since the SHAs
must review the qualifications of designated laboratories, the SHAs need to be qualified at the highest level, which is accreditation. Therefore, this
final rule maintains the laboratory accreditation requirements as originally proposed.

Definitions

Four commenters suggested changes to the definition of quality control. The definition of quality control was adapted from the definition in ANSI
90 and ISO 9000 which are the industry consensus standards for quality assurance. Therefore, the FHWA is retaining the definition as proposed.
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Two commenters wanted to delete the word “accredited” from the definition of “qualified laboratories”. There appears to be confusion over the use
of the term “accreditation” since the NPRM used the word to describe two different levels of qualifications. The FHWA agrees with the comment
because of the apparent confusion. The word “accredited” has been removed from the definition of “qualified laboratories”.

Two commenters wanted clarification of the term “vendor”. A definition of “vendor” has been added to insure that it includes suppliers of proj-
ect-produced materials. It was the FHWA's intent that the rule cover only project-produced materials and not manufactured materials.

One commenter suggested changes to the definition of “quality assurance”. The definition of “quality assurance” was adapted from the definitions
in the ANSI 90 and ISO 9000 standards which are the industry consensus standards for quality assurance. Therefore, the FHWA has retained this
definition as proposed in the NPRM.

One commenter suggested requiring random sampling. The FHWA agrees with the comment. In order for test data used in the acceptance decision
to be properly analyzed, samples must be obtained on a random basis. Section 637.205(¢) has been added to require random sampling. One
commenter was concerned with the wording of the definition for IA, which the commenter interpreted as requiring the IA to be performed by a
consultant. As stated earlier, it is the FHWA’s intent that the States have the option to perform IA sampling and testing themselves or have a
qualified designated agent perform the testing. The definition in the final rule has been revised to reflect our intent.

Miscellany

Eight commeners requested a delay in issuing a final rule. Their major concem was over potential conflicts between this final rule and AASHTO’s
effort to develop guide specifications for Quality Assurance. The AASHTO effort is related to this rulemaking. However, the “AASHTO Quality
Assurance Guide Specification” and the “AASHTO Implementation Manual for Quality Assurance” are in the draft stage and are still being re-
viewed. It may be some time before these documents receive full endorsement by AASHTO. Since the current regulations do not address the prac-
tice of using contractor testing in making acceptance decisions, the FHWA believes that it is necessary to proceed with the final rule. The com-
menters were also concerned that the SHAs did not have adequate time to comment on the regulation. The NPRM provided a 60-day comment
period. All comments that were received by the FHW A, including the eleven received after the closing of the comment period, were considered and
included in the analysis. In addition, the FHWA received comments from 35 of the 52 SHAs. Therefore, the FHWA believes that adequate time
was provided.

Five commenters provided comments on the dispute resolution system. There were comments on both sides of the issue of whether the dispute
resolution system should allow third party involvement. Three commenters were in favor of keeping the system in the State; two were in favor of
using third parties. In the NPRM the FHWA proposed to permit the SHAs to determine how they wanted to set up the dispute resolution system.
The FHWA is aware of cases where a dispute resolution system has worked well in both cases, so this proposal has been retained in the final rule.

Three commenters requested clarification of the terms “acceptance”, “verification”, and “assurance”. This rule requires an acceptance program
which includes the establishment of qualifications of testers and laboratories and inspection of construction operations and testing performed by
the SHA or its designated agent. Verification sampling and testing is used to validate the quality of the product. Independent assurance is used
specifically to insure that the testing is performed correctly and that the equipment is in calibration.

Two commenters provided comments on the materials certificate. One commenter requested that the wording on the material certificate be revised
from requiring the materials and operations to be in “conformity with the approved plans and specifications” to “reasonably close conformity to
the approved plans and specification.” The commenter was concerned about the added work of adding the individual material exceptions to the
project

plans and specifications to the materials certificate. The current regulation requires the material certificate to list all materials that do not meet the
specifications. The FHW A reserves the right to review the materials certificate to determine if the materials are in conformity with the project plans
and specifications. Therefore, the FHWA has retained the wording as proposed in the NPRM. The other commenter wanted to eliminate the re-
quirement for the materials certificate. Section 637.201 limits the rule to projects on the NHS. In addition, Sec. 637.207(a)(3) further limits the re-
quirement for a materials certificate to projects that are subject to FHWA oversight reviews. This will eliminate the requirement for a materials
certificate for the vast majority of projects. Since the cost of materials makes up a substantial portion of each project and the information supplied
by the materials certificate indicates the quality of the material, it is necessary to have the materials certificate in order to make an informed deci-
sion on whether to accept those projects for which the FHW A has retained construction oversight. Therefore, the FHWA has retained the proposed
requirement for a materials certificate in this final rule.

One commenter indicated that the cost of implementing the regulation was high and a full regulatory review was needed. As noted below the
FHWA has determined that this action is not a significant regulatory action under Executive Order 12366, Regulatory Planning and Review, nor
significant under DOT Order 2100.5, Policies and Procedures for Simplification, Analysis, and Review of Regulations, and has concluded that a
full regulatory evaluation is not required.

Costs to the States. Currently all States must have approved sampling and testing programs which include an IA program. In addition, all States
are required to have their central laboratories inspected by the National Reference Laboratories. As indicated in the fee schedule for the AAP, the
actual cost of accreditation itself for the SHAs is the same as the current inspection fees. The additional cost to the States for becoming accredited
is in developing the quality assurance manuals which are required by the AAP. The justification for requiring accreditation is stated above. Since
the vast majority of States have qualification requirements for their subsidiary laboratories, there would be no additional costs for the States that
have these requirements. There would be minimal costs to those States that will have to develop qualification requirements for laboratories. There
would be some costs in developing qualifications for testers. One aspect of tester qualifications is attendance at training programs. All States have
some training for their technicians, but some of this training may have to be upgraded. However, as stated earlier, the FHWA has a training effort
that is available to assist the States in setting up certification programs. The certification programs could be used in the States’ establishment of
tester qualifications.
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Costs to the public. There would be no additional costs to the industry if a State chooses not to incorporate contractor tests into the acceptance
system. If a State chooses to use contractor tests in acceptance decisions, contractors would be required to hire employees qualified in the appropriate
tests and the State would be required to ensure that the contractors maintain a qualified laboratory or hire a qualified laboratory to perform the
testing. When a State uses contractor quality control testing results in the acceptance decision, testing performed by the State is reduced. This re-
duction in testing by the State reduces the overhead costs in the State. However, any additional cost the contractors incur in performing the testing,
including costs of obtaining qualified laboratoties and testers, will be passed onto the State through higher bid prices. The cost savings by the State
due to the reduction of testing by State personnel would be offset by the increase in bid prices charged by the Contractors. As a result, the FHWA
believes that the additional costs of these actions would be minimal.

One commenter was concerned because its Quality Assurance program is located in several documents and it did not want to consolidate the in-
formation into one document. The FHW A does not see the need for all the documentation of a State’s Quality Assurance program to be in one document.

One commenter interpreted the NPRM to propose a requirement for a central laboratory and the commenter opposed such a requirement. The
NPRM did not expressly propose to require a central laboratory; however, the NPRM did propose to require that each State’s central laboratory be ac-
credited by the AAP or a comparable program approved by the FHWA. For the reasons stated above, this final rule now requires a central laboratory.

One commenter was concerned about the effect of these QC/QA regulations on small projects. As indicated in the preamble of the NPRM, it is not
the intent of the FHWA in this regulation to require the use of contractor testing in the acceptance decision. In addition, the rule expressly covers
only projects on the National Highway system (NHS); projects not on the NHS can use other SHA procedures to accept materials. It is anticipated
that the majority of small projects will not be on the NHS.

One commenter was against QC/QA procedures. The mule does not require SHAs to use statistical concepts or to use contractor-supplied test re-
sults in the acceptance decision. However, the rule does establish minimum requirements if an SHA chooses to use contractor test results in the ac-
ceptance decision.

One commenter suggested a revision to the portion of Sec. 637.207 conceming inspection to reflect the positive as well as the negative aspects of
the quality of the product or construction. The section in the NPRM read, “The SHA shall inspect the product or construction or both for attributes
that are detrimental to the performance of the finished product.” The FHWA agrees with the comment. Section 637.207(2)(1)(E)(C) has been re-
vised to reflect both beneficial and negative aspects of the quality of the finished product.

One commenter indicated that the regulation was too prescriptive. The rule, however, provides more flexibility than the existing regulation. The
rale allows the use of contractor test results in making the acceptance decision and allows the use of consultants in the independent assurance pro-
gram. Neither of these were allowed by the existing regulations. The regulation requires testers and laboratories to be qualified. However, it gives
the States the flexibility to establish those qualifications. In addition, the final rule modified Section 637.207 to remove the requirement for a spe-
cific comparison procedure to validate the quality of the material. The rule clarifies existing policy and procedures and provides additional guid-
ance on the use of contractor-supplied test results in acceptance plans.

One commenter questioned the title and purpose of the proposed rule, indicating that the rule covers materials and not construction. Over 50 per-
cent of the cost of construction is the cost of the material. In addition, the rule requires each State to inspect construction to insure that the con-
struction procedures do not adversely affect the properties of the material. Therefore, the title of this rule remains unchanged. Executive Order
12866 Regulatory Planning and Review) and DOT Regulatory Policies and Procedures. The FHWA has determined that this action is not a sig-
nificant regulatory action within the meaning of Executive Order 12866 or significant within the meaning of Department of Transportation’s
regulatory policies and procedures. The FHWA, at 23 CFR 637, currently has regulations covering sampling and testing. The rule provides the
States with additional flexibility in comparison to the current regulations. States will be allowed to use contractor test results in making acceptance
decisions and consultants to perform independent assurance testing. Other changes update the current regulations to accommodate contrac-
tor-performed sampling and testing and reinforce existing policy. Therefore, it is anticipated that the economic impact of this mlemaking will be
minimal and a full regulatory evaluation is not required.

Regulatory Flexibility Act

In compliance with the Regulatory Flexibility Act (5 U.S.C. 601- 612), the FHWA has evaluated the effects of this action on small entities. The
FHWA concluded that this action may provide some small testing firms with an opportunity to perform more work than was allowed by the previ-
ous regulations. Although the regulation will have a positive impact on these testing firms, the number of firms affected will be small and the
amount of additional work would be insignificant. Therefore, the FHWA hereby certifies that this rulemaking will not have a significant economic
impact on a substantial number of small entities. Executive Order 12612 (Federalism Assessment).

This action has been analyzed in accordance with the principles and criteria contained in Executive Order 12612. The rule provides the States with
additional flexibility over the current regulations. States will be allowed to use contractor test results in making acceptance decisions and consult-
ants to perform IA testing. Therefore, it has been determined that this action does not have sufficient federalism implications to warrant the prepa-
ration of a separate federalism assessment.

Executive Order 12372 (Intergovernmental Review)

Catalog of Federal Domestic Assistance Program Number 20.205, Highway Planning and Construction. The regulations implementing Executive
Order 12372 regarding intergovernmental consultation on Federal programs and activities apply to this program.

Paperwork Reduction Act

This action does not contain a collection of information requirement for purposes of the Paperwork Reduction Act of 1980, 44 U.S.C. 3501-3520.
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National Environmental Policy Act

This rulemaking does not have any effect on the environment. It does not constitute a major action having a significant effect on the environment,
and therefore does not require the preparation of an environmental impact statement pursuant to the Natjional Environmental Policy Act of 1969
(42 U.S.C. 4321 et seq.)

Regulation Identification Number

A regulation identification number (RIN) is assigned to each regulatory action listed in the Unified Agenda of Federal Regulations. The Regulatory
Information Service Center publishes the Unified Agenda in April and October of each year. The RIN contained in the heading of this document
can be used to cross reference this action with the Unified Agenda.

List of Subjects in 23 CFR Part 637

Grant programs—transportation, Highways and roads, Quality assurance,

Materials sampling and testing.

Issued on: June 22, 1995.

Rodney E. Slater,

Federal Highway Administrator

In consideration of the foregoing, the FHW A is amending title 23, Code of Federal Regulations, by revising part 637 to read as follows:

PART 637--CONSTRUCTION INSPECTION AND APPROVAL
Subpart A--[Reserved]

Subpart B--Quality Assurance Procedures for Construction

Sec.

637.201 Purpose.

637.203 Definitions.

637.205 Policy.

637.207 Quality assurance program.

637.209 Laboratory and sampling and testing personnel qualifications.
Appendix A to Subpart B--Guide Letter of Certification by State Engineer
Authority: 23 U.S.C. 109, 114, and 315; 49 CFR 1.48(b).

Subpart A—-[Reserved]

Subpart B--Quality Assurance Procedures for Construction

Sec. 637.201 Purpose.

To prescribe policies, procedures, and guidelines to assure the quality of materials and construction in all Federal-aid highway projects on the Na-
tional Highway System.

Sec. 637.203 Definitions

Acceptance program. All factors that comprise the State highway agency’s (SHA) determination of the quality of the product as specified in the
contract requirements. These factors include verification sampling, testing, and inspection and may include results of quality control sampling and testing.

Independent assurance program. Activities that are an unbiased and independent evaluation of all the sampling and testing procedures used in the
acceptance program. Test procedures used in the acceptance program which are performed in the SHA’s central laboratory would not be covered

by an independent assurance program.

Proficiency samples. Homogeneous samples that are distributed and tested by two or more laboratories. The test results are compared to assure
that the laboratories are obtaining the same results.

Qualified laboratories. Laboratories that are capable as defined by appropriate programs established by each SHA. As a minimum, the qualifica-
tion program shall include provisions for checking test equipment and the laboratory shall keep records of calibration checks.

Qualified sampling and testing personnel. Personnel who are capable as defined by appropriate programs established by each SHA.

Quality assurance. All those planned and systematic actions necessary to provide confidence that a product or service will satisfy given require-
ments for quality.

Quality control. All contractor/vendor operational techniques and activities that are performed or conducted to fulfill the contract requirements.
Random sample. A sample drawn from a lot in which each increment in the lot has an equal probability of being chosen.

Vendor. A supplier of project-produced material that is not the contractor.

Verification sampling and testing. Sampling and testing performed to validate the quality of the product.

Sec. 637.205 Policy

(a) Quality assurance program. Each SHA shall develop a quality assurance program which will assure that the materials and workmanship incor-

porated into each Federal-aid highway construction project on the NHS are in conformity with the requirements of the approved plans and specifi-
cations, including approved changes. The program must meet the criteria in Sec. 637.207 and be approved by the FHWA.
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(b) SHA capabilities. The SHA shall maintain an adequate, qualified staff to administer its quality assurance program. The State shall also main-
tain a central laboratory. The State’s central laboratory shall meet the requirements in Sec. 637.209(a)(2).

(c) Independent assurance program. Independent assurance samples and tests or other procedures shall be performed by qualified sampling and
testing personnel employed by the SHA or its designated agent.

(d) Verification sampling and testing. The verification sampling and testing are to be performed by qualified testing personnel employed by the
SHA or its designated agent, excluding the contractor and vendor.

(¢) Random samples. All samples used for quality control and verification sampling and testing shall be random samples.
Sec. 637.207 Quality assurance program

(a) Each SHA’s quality assurance program shall provide for an acceptance program and an independent assurance (IA) program consisting of the following:
(1) Acceptance program.

(i) Each SHA’s acceptance program shall consist of the following:

(A) Frequency guide schedules for verification sampling and testing which will give general guidance to personnel responsible for the program and
allow adaptation to specific project conditions and needs.

(B) Identification of the specific location in the construction or production operation at which verification sampling and testing is to be accomplished.

(C) Identification of the specific attributes to be inspected which reflect the quality of the finished product.

(i) Quality control sampling and testing results may be used as part of the acceptance decision provided that:

(A) The sampling and testing has been performed by qualified laboratories and qualified sampling and testing personnel.

(B) The quality of the material has been validated by the verification sampling and testing. The verification testing shall be performed on samples
that are taken independently of the quality control samples.

(C) The quality control sampling and testing is evaluated by an IA program.

(iii) If the results from the quality control sampling and testing are used in the acceptance program, the SHA shall establish a dispute resolution
system. The dispute resolution system shall address the resolution of discrepancies occurring between the verification sampling and testing and the
quality control sampling and testing. The dispute resolution system may be administered entirely within the SHA.

(2) The IA program shall evaluate the qualified sampling and testing personnel and the testing equipment. The program shall cover sampling pro-
cedures, testing procedures, and testing equipment. Each A program shall include a schedule of frequency for 1A evaluation. The schedule may be
established based on either a project basis or a system basis. The frequency can be based on either a unit of production or on a unit of time.

(i) The testing equipment shall be evaluated by using one or more of the following: Calibration checks, split samples, or proficiency samples.

(ii) Testing personnel shall be evaluated by observations and split samples or proficiency samples.

(iii) A prompt comparison and documentation shall be made of test results obtained by the tester being evaluated and the IA tester. The SHA shall
develop guidelines including tolerance limits for the comparison of test results.

(iv) If the SHA uses the system approach to the IA program, the SHA shall provide an annual report to the FHWA summarizing the results of the
IA program.

(3) The preparation of a materials certification, conforming in substance to Appendix A of this subpart, shall be submitted to the FHWA Division
Administrator for each construction project which is subject to FHW A construction oversight activities.

(b) [Reserved]

Sec. 637.209 Laboratory and sampling and testing personnel qualifications

(a) Laboratories.

(1) After June 29, 2000, all contractor, vendor, and SHA testing used in the acceptance decision shall be performed by qualified laboratories.

(2) After June 30, 1997, each SHA shall have its central laboratory accredited by the AASHTO Accreditation Program or a comparable laboratory
accreditation program approved by the FHWA.

(3) After June 29, 2000, any non-SHA designated laboratory which performs IA sampling and testing shall be accredited in the testing to be per-
formed by the AASHTO Accreditation Program or a comparable laboratory accreditation program approved by the FHWA.

(4) After June 29, 2000, any non-SHA laboratory that is used in dispute resolution sampling and testing shall be accredited in the testing to be per-
formed by the AASHTO Accreditation Program or a comparable laboratory accreditation program approved by the FHWA.

(b) Sampling and testing personnel. After June 29, 2000, all sampling and testing data to be used in the acceptance decision or the IA program
shall be executed by qualified sampling and testing personnel.

(c) Conflict of interest. In order to avoid an appearance of a conflict of interest, any qualified non-SHA laboratory shall perform only one of the
following types of testing on the same project: Verification testing, quality control testing, IA testing, or dispute resolution testing.

Appendix A to Subpart B—Guide Letter of Certification by State Engineer

Date
Project No.
This is to certify that:

The results of the tests used in the acceptance program indicate that the materials incorporated in the construction work, and the construction op-
erations controlled by sampling and testing, were in conformity with the approved plans and specifications. (The following sentence should be
added if the IA testing frequencies are based on project quantities. All independent assurance samples and tests are within tolerance limits of the
samples and tests that are used in the acceptance program.)

Exceptions to the plans and specifications are explained on the back hereof (or on attached sheet).
Director of SHA Laboratory or other appropriate SHA Official.

[FR Doc. 95-15932 Filed 6-28-95; 8:45 am]

BILLING CODE 4910-22-P
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APPENDIX B
Survey
NCHRP SYNTHESIS 27-05
METHODS FOR STATE CONSTRUCTION AND MATERIALS
ACCEPTANCE QUESTIONNAIRE
Agency:
Address:
City: State/Prov: ______ ZIP:

Questionnaire Completed By:

Position/Title:

Date:

In case of questions please provide:

Telephone: ( ) Fax: ( )

PURPOSE OF THIS SURVEY

Many state highway agencies have been faced with decreasing resources to support quality assurance and monitoring activities. The
FHWA “Quality Assurance Procedures for Construction” (23 CFR 637, Federal Register, Volume 60, Number 125, 33712, June 29,
1995) allows the use of contractor test results in making the acceptance decision and allows the use of consultants in the independ-
ent assurance program and verification sampling and testing. The regulations further require that testers and laboratories be qualified,
and that qualifications are to be established by the States.

“A synthesis of practice is needed to describe the current management techniques and approaches to inspection and testing of ma-
terials and construction.” Innovative strategies in the assurance of quality construction and the advantages and disadvantages of
various practices are sought. Furthermore, as the use of consultants and contractors expands, the issues regarding agency person-
nel skills and expertise become increasingly important.

RETURN QUESTIONNAIRE AND SUPPORTING DOCUMENTS BY:

TO: Gary R. Smith
Penn State University
212 Sackett Building
University Park, PA, 16802
Day: 814-863-2934 FAX: 814-863-7304
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Please write on back if you need additional space for your response.
Section 1 Contract Practices and Regulations

1. Do you know of any State legislation or other restiictions that would prevent your agency from use of contractor’s test results or
consultant testing for assurance as established by the guidelines in 23 CFR 637? __YES __NO (Note: A copy of 23 CFR 637 is at-
tached to the end of this survey.) Comments:

2. Does your agency incorporate warranties in the construction acceptance process?
__Yes___NO

If your response was YES, how have warranties affected the role of inspection and testing?

If your response was NO, do you plan to implement warranties: __YES__NO
Will you change your acceptance and testing requirements as a result of adopting warranties? YES __NO If yes, what changes will
be made?

3. Do you evaluate contractor quality control systems as part of the prequalification process for bidding on projects? YES __NO
If yes, what quality related criteria are considered in the contractor prequalification process?

4. Do you contract with any “outside” agencies to provide quality assurance or acceptance testing? __YES __ NO If yes, please re-
spond to the following:

a. What creates the need for your agency to contract quality assurance and acceptance testing outside the agency?

b. What would you describe as the ad\}antages of using outside agencies in quality assurance or quality controf testing?

¢. What would you describe as the disadvantages of using outside agencies in quality assurance or quality control testing?
d. Please provide a copy of the qualification requirements established for these outside agencies.

5. Are quality incentives and disincentives used in your specifications? __YES __NO If yes, which specification sections use in-
centives and disincentives? Please list the specific section and describe or provide a copy of the appropriate section.

What advantages and disadvantages have been expressed regarding incentive and disincentives related to quality (i.e., smoothness
index limits).

6. Do you use regionalized specifications which tailor specific clauses for materials or acceptance due to local material availability or
practices? __YES __NO

If yes, are your specifications regionalized with the __ state or __ among adjacent states?
Please list the types of materials or practices which are regionalized:

What are the advantages and disadvantages of using regionalized specifications?
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7. Do you have a dispute resolution mechanism in your quality assurance program for instances when assurance tests do not agree
with consultant or contractor test results? YES _ NO

Please provide a copy of the resolution process or describe the process.

SECTION 2 Technological Changes
1. Materials Acceptance Programs

a. What types of materials and equipment are currently accepted by certification?

b. What advantages or disadvantages has the certification process provided?

¢. Do you use qualified products lists (QPL)? __YES ___NO

d. What criteria are used to evaluate suppliers or vendors who wish to become certified suppliers or provide a certified material?

e. Do you use data from the National Transportation Product Evaluation Program (NTPEP) to aid in the determination of placing
products on the qualified products list? __YES __NO

f. How often are on-site inspections of certified suppliers conducted?

g. Who performs the on-site inspection and testing of certified suppliers?

2. How are testing and sampling requirements for a project determined? Describe the factors used in making the decision. If the
analysis is formally documented, copies of the procedure would be appreciated.

3. Have you performed any risk and value assessments or studies on the various tests used for quality assurance or acceptance
testing: __YES__NO

If yes, please provide an indication where a copy of studies may be obtained or a contact name and phone number to discuss study
findings.

NAME:

TITLE:

ADDRESS:

CITY: STATE/PROV: Z2IP:
PHONE: FAX

4. What new inspection, testing equipment or technology have you adopted in the last 5 years?
a. Please list
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b. How did you implement the change in technology? Do you have a plan in place to implement changes in FHWA or state
regulations?

¢. What motivated the changes?

5. a.ls your central laboratory AASHTO Accredited __YES ___NO
b. If you have other labs, are they AASHTO Accredited? __YES __NO

6. Do you have a process by which you verify that personnel using new test equipment or technology have been properly trained in
its use? _YES __NO Please describe the verification procedures (observation, split sampling, proficiency samples):

7. Do you have guidelines for tolerance limits for comparison of test results? __YES ___NO

SECTION 3 General Management Issues

1. Have you used contract test results in your construction and materials acceptance program? __YES __NO
If yes, what were your experiences with the contractor’s testing, personnel, and reported data?

What advantages did the process provide?

What disadvantages did the process provide?

2. Have you used consultants for acceptance testing in your construction and materials acceptance program? _YES _NO
If yes, what were your experiences with the contractor's testing, personnel, and reported data? (Training, accuracy, timeliness, etc.)

What advantages did the process provide?

What disadvantages did the process provide?

3. Are you participating in any multi-agency agreements for construction or materials acceptance. ___YES ___NO If yes, please
specify type of agreement and agency.

4. Do you participate in any user groups or similar arrangements to find common solutions to quality problems? __YES _NO if
yes, please describe the general objectives of the group and the accomplishments or goals.

4. (Continued) What advantages or disadvantages have you encountered with user groups?

5. What specific education, training, and certification requirements do you require for personnel involved in materials and construc-
tion acceptance procedures?
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SECTION 4 Personnel Management (This section may be filled out by Personnel Management Division)

1. What technical agencies provide qualification testing or certification that is acceptable for your technicians or engineers?

2. Do you have minimum qualifications of personnel engaged in the quality control and quality assurance of projects?

3. Do you anticipate a future loss of technician and engineering expertise to support the quality assurance and acceptance function?
__YES__NO
If you answered yes, in what areas do you anticipate losing quality assurance or testing expertise?

4. Do you employ manpower management systems to identify possible future shortages or excesses in expertise or skills?
YES _NO
If yes, could you provide an example of the report generated that identifies the shortage.

If no, how are decisions made relative to hiring qualified personnel in appropriate areas of expertise?

5. Has your agency drafted a strategy to accommodate changes in staffing expertise?
__YES__NO

If yes, has this strategy been implemented, how successful has it been and what problems were encountered?

SECTION 5 General Response

Do you use any new or innovative management techniques or approaches to inspection, testing, or quality assurance for construc-
tion? Please describe what you feel are your most innovative solutions and the advantages or disadvantages the new approach has
provided.




APPENDIX C

FAA Quality Control Program

5/20/94

SECTION 100
CONTRACTOR QUALITY CONTROL PROGRAM

100-01 GENERAL

When the specifications require a Contractor Quality Control Program,
the Contractor shall establish, provide, and maintain an effective
Quality Control Program that details the methods and procedures that
will be taken to assure that all materials and completed construction
conform to contract plans, technical specifications and other require-
ments, whether manufactured by the Contractor, or procured from
subcontractors or vendors. Although guidelines are established and
certain minimum requirements are specified herein and elsewhere in
the contract technical specifications, the Contractor shall assume full
responsibility for accomplishing the stated purpose.

The intent of this section is to enable the Contractor to establish a nec-
essary level of control that will:

a. Adequately provide for the production of acceptable quality ma-
terials.

b. Provide sufficient information to assure both the Contractor and
the Engineer that the specification requirements can be met.

c. Allow the Contractor as much latitude as possible to develop his
or her own standard of control.

The Contractor shall be prepared to discuss and present, at the pre-
construction conference, his/her understanding of the quality control
requirements. The Contractor shall not begin any construction or pro-
duction of materials to be incorporated into the completed work until
the Quality Control Program has been reviewed by the Engineer. No
partial payment will be made for materials subject to specific quality
control requirements until the Quality Control Program has been re-
viewed.

The quality control requirements contained in this section and else-
where in the contract technical specifications are in addition to and
separate from the acceptance testing requirements. Acceptance testing re-
quirements are the responsibility of the Engineer.

100-02 DESCRIPTION OF PROGRAM

a. General Description. The Contractor shall establish a Quality
Control Program to perform inspection and testing of all items of work
required by the technical specifications, including those performed by
subcontractors. This Quality Control Program shall ensure confor-
mance to applicable specifications and plans with respect to materials,
workmanship, construction, finish, and functional performance. The
Quality Control Program shall be effective for control of all construc-
tion work performed under this Contract and shall specifically include
surveillance and tests required by the technical specifications, in addi-
tion to other requirements of this section and any other activities
deemed necessary by the Contractor to establish an effective level of
quality control.

b. Quality Control Program. The Contractor shall describe the
Quality Control Program in a written document which shall be re-
viewed by the Engineer prior to the start of any production, construction,
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or off-site fabrication. The written Quality Control Program shall be
submitted to the Engineer for review at least [ ] calendar days before
the[ ]

The Engineer should choose an adequate period for review. A mini-
mum of 5 days before the preconstruction conference or the start of
work is recommended.

Submittal of the written Quality Control Program prior to the precon-
struction conference will allow the Engineer to review the contents and
make suggestions at the preconstruction meeting.

Submittal of the written Quality Control Program prior to the
start of work will allow for detailed discussion of the require-
ments at the preconstruction meeting. This will give the Contrac-
tor a better understanding of the requirements before develop-
ing the Quality Control Program.

The Quality Control Program shall be organized to address, as a
minimum, the following items:

a) Quality control organization;

b) Project progress schedule;

¢} Submittals schedule;

d) Inspection requirements;

¢) Quality control testing plan;

f) Documentation of quality control activities; and

g) Requirements for corrective action when quality control and/or
acceptance criteria are not met.

The Contractor is encouraged to add any additional elements to the
Quality Control Program that he/she deems necessary to adequately
control all production and/or construction processes required by this
contract.

100-03 QUALITY CONTROL ORGANIZATION

The Contractor’s Quality Control Program shall be implemented by the
establishment of a separate quality control organization. An organiza-
tional chart shall be developed to show all quality control personnel and
how these personnel integrate with other management/production and
construction functions and personnel.

The organizational chart shall identify all quality control staff by name
and function, and shall indicate the total staff required to implement all
elements of the Quality Control Program, including inspection and testing
for each item of work. If necessary, different technicians can be util-
ized for specific inspection and testing functions for different items of
work. If an outside organization or independent testing laboratory is
used for implementation of all or part of the Quality Control Program,
the personnel assigned shall be subject to the qualification require-
ments of paragraph 100-03a and 100-03b. The organizational chart
shall indicate which personnel are Contractor employees and which
are provided by an outside organization.
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The quality control organization shall consist of the following mini-
mum personnel:

a. Program Administrator. The Program Administrator shall be a
full-time employee of the Contractor, or a consultant engaged by the
Contractor. The Program Administrator shall have a minimum of §
years of experience in airport and/or highway construction and shall
have had prior quality control experience on a project of comparable
size and scope as the contract.

Additional qualifications for the Program Administrator shall include
at least 1 of the following requirements:

1) Professional engineer with 1 year of airport paving experience
acceptable to the Engineer.

2) Engineer-in-training with 2 years of airport paving experience
acceptable to the Engineer.

3) An individual with 3 years of highway and/or airport paving
experience acceptable to the Engineer, with a Bachelor of Sci-
ence Degree in Civil Engineering, Civil Engineering Technology
or Construction.

4) Construction materials technician certified at Level III by the
National Institute for Certification in Engineering Technologies
(NICET).

5) Highway materials technician certified at Level Il by NICET.

6) Highway construction technician certified at Level I by
NICET.

.7) A NICET certified engineering technician in Civil Engineering
Technology with 5 years of highway and/or airport paving ex-
perience acceptable to the Engineer.

The Program Administrator shall have full authority to institute any
and all actions necessary for the successful implementation of the Quality
Control Program to ensure compliance with the contract plans and technical
specifications. The Program Administrator shall report directly to a respon-
sible officer of the construction firm. The Program Administrator may su-
pervise the Quality Control Program on more than one project provided
that person can be at the job site within 2 hours after being notified of
a problem.

If, in the opinion of the Engineer, the project is of sufficient
scope and size to warrant a full time, on-site Program Adminis-
trator, paragraph 100-03a should be modified accordingly.

b. Quality Control Technicians. A sufficient number of quality
control technicians necessary to adequately implement the Quality
Control Program shall be provided. These personnel shall be either
engineers, engineering technicians, or experienced craftsman with
qualifications in the appropriate field equivalent to NICET Level I or
higher construction materials technician or highway construction
technician and shall have a minimum of 2 years of experience in their
area of expertise.

The quality control technicians shall report directly to the Program
Administrator and shall perform the following functions:

1. Inspection of all materials, construction, plant, and equipment
for conformance to the technical specifications, and as required
by Section 100-06.

2. Performance of all quality control tests as required by the
technical specifications and Section 100-07.

Certification at an equivalent level, by a state or nationally recog-
nized organization will be acceptable in lieu of NICET certification.

c. Staffing Levels. The Contractor shall provide sufficient qualified
quality control personnel to monitor each work activity at all times.
Where material is being produced in a plant for incorporation into the
work, separate plant and field technicians shall be provided at each
plant and field placement location. The scheduling and coordinating of
all inspection and testing must match the type and pace of work activ-
ity. The Quality Control Program shall state where different techni-
cians will be required for different work elements.

100-04 PROJECT PROGRESS SCHEDULE

The Contractor shall submit a coordinated construction schedule for
all work activities. The schedule shall be prepared as a network dia-
gram in Critical Path Method (CPM), PERT, or other format, or as
otherwise specified in the contract. As a minimum, it shall provide in-
formation on the sequence of work activities, milestone dates, and ac-
tivity duration.

The Contractor shall maintain the work schedule and provide an up-
date and analysis of the progress schedule on a twice monthly basis,
or as otherwise specified in the contract. Submission of the work
schedule shall not relieve the Contractor of overall responsibility for
scheduling, sequencing, and coordinating all work to comply with the
requirements of the contract.

100-05 SUBMITTALS SCHEDULE

The Contractor shall submit a detailed listing of all submittals (e.g.,
mix designs, material centifications) and shop drawings required by
the technical specifications. The listing can be developed in a spread-
sheet format and shall include:

a) Specification item number;

b) Item description;

¢) Description of submittal;

d) Specification paragraph requiring submittal; and
e) Scheduled date of submittal.

100-06 INSPECTION REQUIREMENTS

Quality control inspection functions shall be organized to provide in-
spections for all definable features of work, as detailed below. All in-
spections shall be documented by the Contractor as specified by Sec-
tion 100-07.

Inspections shall be performed daily to ensure continuing compliance
with contract requirements until completion of the particular feature of
work. These shall include the following minimum requirements:

a. During plant operation for material production, quality control
test results and periodic inspections shall be utilized to ensure the
quality of aggregates and other mix components, and to adjust and
control mix proportioning to meet the approved mix design and other
requirements of the technical specifications. All equipment utilized in
proportioning and mixing shall be inspected to ensure its proper op-
erating condition. The Quality Control Program shall detail how these
and other quality control functions will be accomplished and utilized.

b. During field operations, quality control test results and periodic
inspections shall be utilized to ensure the quality of all materials and
workmanship. All equipment utilized in placing, finishing, and com-
pacting shall be inspected to ensure its proper operating condition and
to ensure that all such operations are in conformance to the technical
specifications and are within the plan dimensions, lines, grades, and
tolerances specified. The Program shall document how these and other
quality control functions will be accomplished and utilized.



100-07 QUALITY CONTROL TESTING
PLAN

As a part of the overall Quality Control Program, the Contractor shall
implement a quality control testing plan, as required by the technical
specifications. The testing plan shall include the minimum tests and
test frequencies required by each technical specification Item, as
well as any additional quality control tests that the Contractor
deems necessary to adequately control production and/or construction
processes.

The testing plan can be developed in a spreadsheet fashion and shall,
as a minimum, include the following:

a) Specification item number (e.g., P-401);

b) Item description (e.g., Plant Mix Bituminous Pavements);

¢) Testtype (e.g., gradation, grade, asphalt content);

d) Test standard (e.g., ASTM or AASHTO test number, as applicable);

e) Test frequency (e.g., as required by technical specifications or
minimum frequency when requirements are not stated);

f) Responsibility (e.g., plant technician); and

g) Control requirements (e.g., target, permissible deviations).

The testing plan shall contain a statistically-based procedure of ran-
dom sampling for acquiring test samples in accordance with ASTM D
3665. The Engineer shall be provided the opportunity to witness qual-
ity control sampling and testing.

All quality control test results shall be documented by the Contractor
as required by Section 100-08.

100-08 DOCUMENTATION

The Contractor shall maintain current quality control records of all in-
spections and tests performed. These records shall include factual evi-
dence that the required inspections or tests have been performed, in-
cluding type and number of inspections or tests involved; results of
inspections or tests; nature of defects, deviations, causes for rejection,
etc.; proposed remedial action; and corrective actions taken.

These records must cover both conforming and defective or deficient
features, and must include a statement that all supplies and materials
incorporated in the work are in full compliance with the terms of the
contract. Legible copies of these records shall be furnished to the En-
gineer daily. The records shall cover all work placed subsequent to the
previously furnished records and shall be verified and signed by the
Contractor’s Program Administrator.

Specific Contractor quality control records required for the contract
shall include, but are not necessarily limited to, the following records:

a. Daily Inspection Reports. Each Contractor quality control tech-
nician shall maintain a daily log of all inspections performed for both
Contractor and subcontractor operations on a form acceptable to the
Engineer. These technician’s daily reports shall provide factual evi-
dence that continuous quality control inspections have been performed
and shall, as a minimum, include the following:

1) Technical specification item number and description;
2) Compliance with approved submittals;

3) Proper storage of materials and equipment;

4) Proper operation of all equipment;

5) Adherence to plans and technical specifications;

6) Review of quality control tests; and

7) Safety inspection.

The daily inspection reports shall identify inspections conducted, re-
sults of inspections, location and nature of defects found, causes for
rejection, and remedial or corrective actions taken or proposed.
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The daily inspection reports shall be signed by the responsible quality
control technician and the Program Administrator. The Engineer shall
be provided at least one copy of each daily inspection report on the
work day following the day of record.

b. Daily Test Reports. The Contractor shall be responsible for establish-
ing a system which will record all quality control test results. Daily test re-
ports shall document the following information:

1) Technical specification item number and description;
2) Test designation;

3) Location;

4) Date of test;

5) Control requirements;

6) Test results;

7) Causes for rejection;

8) Recommended remedial actions; and

9) Retests.

Test results from each day’s work period shall be submitted to the Engineer
prior to the start of the next day’s work period. When required by the
technical specifications, the Contractor shall maintain statistical qual-
ity control charts. The daily test reports shall be signed by the respon-
sible quality control technician and the Program Administrator.

100-09 CORRECTIVE ACTION
REQUIREMENTS

The Quality Control Program shall indicate the appropriate action to
be taken when a process is deemed, or believed, to be out of control
(out of tolerance) and detail what action will be taken to bring the
process into control. The requirements for corrective action shall in-
clude both general requirements for operation of the Quality Control
Program as a whole, and for individual items of work contained in the
technical specifications.

The Quality Control Program shall detail how the results of quality
control inspections and tests will be used for determining the need for
corrective action and shall contain clear sets of rules to gauge when a
process is out of control and the type of correction to be taken to re-
gain process control.

When applicable or required by the technical specifications, the Con-
tractor shall establish and utilize statistical quality control charts for
individual quality control tests. The requirements for corrective action
shall be linked to the control charts.

100-10 SURVEILLANCE BY THE ENGINEER

All items of material and equipment shall be subject to surveillance by
the Engineer at the point of production, manufacture or shipment to
determine if the Contractor, producer, manufacturer or shipper main-
tains an adequate quality control system in conformance with the re-
quirements detailed herein and the applicable technical specifications
and plans. In addition, all items of materials, equipment and work in
place shall be subject to surveillance by the Engineer at the site for the
same purpose.

Surveillance by the Engineer does not relieve the Contractor of per-
forming quality control inspections of either on-site or off-site Contrac-
tor’s or subcontractor’s work.

100-11 NONCOMPLIANCE

a. The Engineer will notify the Contractor of any noncompliance
with any of the foregoing requirements. The Contractor shall, after re-
ceipt of such notice, immediately take corrective action. Any notice,
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when delivered by the Engineer or his/her authorized representative to
the Contractor or his/her authorized representative at the site of the
wortk, shall be considered sufficient notice.

b. In cases where quality control activities do not comply with ei-
ther the Contractor’s Quality Control Program or the contract provi-
sions, or where the Contractor fails to properly operate and maintain

an effective Quality Control Program, as determined by the Engineer,
the Engineer may:

1) Order the Contractor to replace ineffective or unqualified qual-
ity control personnel or subcontractors.

2) Order the Contractor to stop operations until appropriate cor-
rective action is taken.
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APPENDIX E
AASHTO Accreditation

State Accreditation AASHTO Laboratory Accreditation Program, October 1997
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(From www.aashto.0rg)
The AASHTO Accreditation Program

For a complete listing of accredited laboratories, please click
here.

The AAP utilizes laboratory inspection and proficiency sample
services provided by the AASHTO Materials Reference Labo-
ratory (AMRL) and the Cement and Concrete Reference Labo-
ratory (CCRL). AMRL and CCRL are Research Associate
programs located at the Building and Fire Research Labora-
tory of the National Institute of Standards and Technology
(NIST).

Initial Accreditation—For initial accreditation a laboratory
must satisfy the quality system requirements specified in
AASHTO Practice R18 and receive an on-site inspection(s)
from AMRL and/or CCRL for test methods for which accredi-
tation is being sought. The laboratory must then provide
AMRL with satisfactory evidence that all deficiencies noted
during the on-site inspection(s) were corrected. In addition,
the laboratory must be enrolled in applicable AMRL and
CCRL proficiency sample programs and provide AMRL with
documents, forms and records which indicate that it has es-
tablished a quality system that meets AAP Criteria. When ac-
creditation is granted by AASHTO, accreditation certificates
are issued to the laboratory and the laboratory is entered into
the AAP Directory of Accredited Laboratories which is issued
quarterly. Separate certificates of accreditation are issued for
the fields of testing covered in ASTM Standard Practice
C1077, C1222, D3666, and D3740. Each certificate includes
the name and location of the laboratory, the scope of the ac-
creditation including field of testing and specific test methods,
and the certificate's issuance and expiration dates. (The scope
of a laboratory’s accreditation is limited to the test methods
covered during its most recent on-site inspection(s).)

Maintaining Accredited Status—In order for an accredited
laboratory to maintain accredited status the laboratory must
receive applicable routine AMRL and CCRL on-site inspec-
tions and provide AMRL with satisfactory evidence that all
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apparatus, procedural or quality system deficiencies noted
during the on-site inspection were corrected. In addition the
laboratory must test applicable proficiency samples and pro-
vide AMRL with an explanation of the steps taken to attempt
to determine the cause of results beyond two standard devia-
tions of the grand average values.

Accreditation Decisions—AASHTO uses a management
council approach in reaching accreditation decisions and con-
siders a laboratory's accreditation status at three established
times during the ongoing accreditation process: (1) prior to the
issuance of the initial accreditation certificate, (2) every twelve
months after the initial accreditation decision, and (3) after
each on-site inspection. AAP includes a two level appeal
process which permits a laboratory to obtain further consid-
eration if it disagrees with original accreditation decisions.

Limitations of Accreditation—AASHTO accreditation is not
intended to imply that an individual or a laboratory has the
capability of rendering engineering judgements as to whether
the materials covered by the accreditation or as to how the
materials covered by the accreditation are to be used in a
specific application. An accredited laboratory may publicize
its accredited status in reports, stationary, and in business and
trade publications with the restriction that the advertising ac-
curately reflects the scope of the laboratory's accreditation and
does not imply product certification.

Fees—The cost of AASHTO accreditation includes fees
charged by AMRL and CCRL for on-site inspection services
and proficiency test samples and a $450 annual administrative
fee.

Click here to receive additional information or contact:

AASHTO Materia! Reference Laboratory
National Institiute of Standards and Technology
Building 226, Room A365

Gaithersburg, MD 20899

Phone: (301) 975-6704
Fax: (301) 330-1956
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APPENDIX F
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P.E. NO. PRODUCT COMPANY STATUS DATE STATUS SPECIFICATIONS
88-074 Resinmortar Cart. Embart Ind. 11-29-88 Approved Ressearch Performance Test
92-147 Sikadur 32 Adhesive Sika Chemical Corp. 07-12-92 Approved AASHTO M-235/ASTM C881-90
92-149 Sikadur Injection Gel Sika Chemical Corp. 07-12-92 Approved AASHTO M-235/ASTM C881-90
92-007 Structural Adhesive Tremcrete Systems 02-19-92 Approved AASHTO M-235/ASTM C881-90
93-003 Interplast Intermark Corp. 01-12-93 Pending - Testing_

BONDING AND PRIMER EPOXIES
These epoxies are used to bond cementious materials together or as a prime coat applied to the substrate of materials to be bonded.

P.E. NO. PRODUCT COMPANY STATUS DATE STATUS SPECIFICATIONS
95-071 Concressive LVI-Std. Master Builders 08-16-95 Approved AASHTO M-235/ASTM C881-90
93-015 Euco M-235 Euclid Chemical 01-12-93 Approved AASHTO M-235/ASTM C881-90
93-018 Euco # 452 Euclid Chemical 01-12-93 Approved AASHTO M-235/ASTM C881-90
91-037 Evapox Cold Cure # 4 E-Poxy Ind. 12-02-91 Approved AASHTO M-235/ASTM C881-90
91-042 Evapox Bonding # 1 E-Poxy Ind. 12-02-01 Approved AASHTO M-235/ASTM C881-90
91-107 Monocryl 100 United Coatings 04-03-92 Approved AASHTO M-235/ASTM C881-90
89-030 Nitobond Epoxy Fosroc-Preco 04-05-89 Approved Research Dept. Performance Test
92-154 Nibobond RWC Fosroc-Preco 07-12-92 Approved AASHTO M-235/ASTM C881-90
92-139 Pavement Marker Adhesive  Crafco, Inc. 07-09-92 Approved Research Dept. Performance Test
92-173 Powergrip Adhesive Powercrete Div. 07-16-92 Approved AASHTO M-235/ASTM C881-90

STO

91-034 Probond 811 C Prokrete Ind. 12-02-91 Approved AASHTO M-235/ASTM C881-90
91-033 Probond 812 C Prokrete Ind. 12-02-91 Approved AASHTO M-235/ASTM C881-90
91-035 Probond 813 C Prokrete Ind. 12-02-91 Approved AASHTO M-235/ASTM C881-90
92-185 Pro-Poxy 50 LV Unitex 05-27-92 Approved AASHTO M-235/ASTM C881-90
92-131 Pro-Poxy 100 Unitex 05-27-92 Approved AASHTO M-235/ASTM C881-90
92-129 Propoxy 200 Unitex 05-27-92 Approved AASHTO M-235/ASTM C881-90
92-151 Sika Armatee Sika Chemical Corp. 07-12-92 Approved AASHTO M-235/ASTM C881-90
92-148 Sikadur Adhesive 31 Sika Chemical Corp. 07-12-92 Approved AASHTO M-235/ASTM C881-90

Sikadur Adhesive 35 Sika Chemical Corp. 07-12-92 Approved AASHTO M-235/ASTM C881-90
88-046 Sprayable Adhesive Tremecrete Systems 07-05-88 Approved Research Dept. PerformanceTest







